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Engineers Hold 20th National Air Meeting 


Cleveland Entertains Representative Aeronautic Group 
| for Three-Day Technical Conference 


LARGE AMOUNT of new and in- 

teresting technical information and 
engineering data was brought to light 
during the five technical sessions of the 
Society’s 20th National Aeronautic 
Meeting that was held in Cleveland, 
Sept. 1 to 3. Among the topics under 
discussion were sealed liquid-cooling, 
turbo superchargers, airplane vibra- 
tion, determination of flight load fac- 
tors, speed, Autogiro developments, 
technical developments in Europe, fuel 
injection, combustion in Diesels, mag- 
nesium alloys, automatic and adjustable 
propellers and a host of related sub- 
jects. 

Arranged by Vice-Presidents George 
Lewis and Arthur Nutt and their com- 
mittees, the Aeronautic Meeting pro- 
gram was climaxed by a Dutch Supper, 
at which the Hon. David S. Ingalls, 
Assistant Secretary of the Navy for 
aeronautics, presided and United States 
Senator Hiram Bingham and Com. J. C. 
Hunsaker, vice-president of the Good- 





year-Zeppelin Corp., spoke. Lowell 
Thomas, radio voice of The Literary 
Digest, presented a very thrilling and 
interesting talk, illustrated by pictures, 
on Forbidden Afghanistan. 

The meeting was held with the co- 
operation of the Cleveland Section of 
the Society and in conjunction with 
the Aeronautical Chamber of Com- 
merce of America. Cleveland Section 
members participated in the big Na- 
tional event in many ways and were 
organized by Carl F. Oestermeyer, 
Chairman of the Section. Among those 
who assisted were D. S. Cole, Walter 
S. Howard and Hoy Stevens, officers 





of the Section; also Frank Jardine, A. 
K. Brumbaugh, A. J. Scaife and A. E. 
Bronson, who acted as official greeters 
on behalf of the Cleveland Section at 
the technical sessions. 


Reducing Radiator Size 


Introduced by P. B. Taylor, of the 
Wright Aeronautical Corp., J. H. 
Geisse, vice-president of engineering of 
the Comet Engine Corp., opened the 
first technical session with a discus- 
sion of factors involved in sealed liquid- 
cooling. He pointed out the possibili- 
ties of using a coolant, ethylene glycol 
for example, of high boiling point in a 
closed system to replace water as the 
cooling medium, thus allowing for an 
appreciable reduction in radiator size. 
Calling attention to the fact that it is 
possible to operate with a mean radi- 
ator temperature of 350 deg. fahr., giv- 
ing a temperature gradient of 150 deg.., 
more than twice that possible with 
water, the speaker stated that the use 
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of ethylene glycol would permit of a 
50-per cent reduction in radiator size. 
Mr. Geisse included in his paper a 
résumé of test work that had been car- 
ried on by the Army and the Navy, 
among others, and stressed the need 
for additional attention to this very 
feasible possibility of sealed liquid- 
cooling. 

In concluding his paper, Mr. Geisse 
called attention to the possibilities of 
using this cooling principle in large 
Diesel engines. He predicted that the 
future development of the aviation 
Diesel will be in the in-line and V forms 
with the two-stroke cycle. 


Turbo Superchargers Approved 


Judging from the turbo-supercharger 
paper by A. L. Berger and Opie Cheno- 
weth, of the Materiel Division of the 
Air Corps at Wright Field, Dayton, 
Ohio, the Army Air Corps is to be con- 
gratulated upon the thoroughness with 
which the supercharger problem has 
been investigated. Mr. Berger, in pre- 
senting this paper, described the instal- 
lations that have been tested and enum- 
erated the results of the investigation. 
It was concluded that the turbo super- 
charger is satisfactory for maintaining 
sea-level pressure at altitude on ser- 
vice-type equipment. The tests fur 
ther indicated that the turbo super 
charger can be used for extensive 
ground boosting if the engine, fuel, 
spark-plugs and carbureters will with- 
stand the service. It was hinted, how- 
ever, that for a given boost the turbo- 
supercharger application requires bet 
ter fuels and valves than does the 
geared-centrifugal application, because 
of the higher-temperature residual ex- 
haust gases. 

The supercharger was credited large 
ly for the present high state of devel- 
opment of the internal-combustion en- 
gine for aircraft use. 


Vibrations Photographed and Analyzed 


Stephen J. Zand, of the Pioneer In- 
strument Co., Inc., division of the Ben- 
dix Aviation Corp., described a very 
interesting and practical instrument 
that has been developed by his com 
pany for the study of vibrations at vari- 
ous points in the aircraft structure. 
Preceded by a careful mathematical 
analysis of resonance conditions be 
tween the engine and the engine mount, 
the problem was finally approached 
from a rather empirical viewpoint to 
give vibration relations, not to bodily 
sensation as heretofore, but to such 
terms as amplitude, frequency, the re- 
lation between the two, form and the 
like. 

The instrument developed specifically 
for the study of this problem operates 
on the principle of the seismograph and 
delivers its records on a phetographic 
chart, from which the final analysis of 
the phenomena is made. 

It is anticipated that this experi- 
mental tool wi!l be of considerable use 
in the extensive study of one of the 
most difficult and important problems 
now confronting the engineer; namely. 
excessive vibration. 


Determining Load Factors 


Joseph S. Newell, associate professor 
of aeronautical structural engineering 
at Massachusetts Institute of Tech- 
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National Meetings 


10th National Production Meet- 
ing—Oct. 7 and 8 

Book-Cadillac Hotel, Detroit 

%h National Transportation 
Meeting—Oct. 27 to 29 

Shoreham Hotel, City of Wash- 
ington. 


Annual Dinner—Jan. 14 

Pennsylvania Hotel, New York 
City 

Annual Meeting—Jan. 25 to 29 

Book-Cadillac Hotel, Detroit 


October Section Meetings 


Baltimore—Oct. 27 to 29 

The Section will cooperate in the 
National Transportation 
Meeting 


Canadian—Oct. 21 


Royal York Hotel, Toronto 


Chicago—Oct. 13 
Sherman Hotel; Dinner 6:30 

P. M.; Entertainment 
Floating Power—Newton F. Had- 
ley, Chief Engineer, Ply- 
mouth Motor Corp., Detroit 


Cleveland—Oct. 12 
Hotel Statler; Dinner 6:30 P. M.; 
Entertainment 
Same as Chicago Section pro- 
gram 


Detroit—Oct. 7 and 8 
Section will cooperate in the Na- 
tional Production Meeting. 


Detroit—Oct. 20 
General Motors Research Build- 
ing, 8.00 P. M.; Student 
Meeting 


Indiana—Oct. 15 

Hotel Severin, Indianapolis; Din- 
ner 6:30 P. M. 

Cooperative Aeronautic Meeting 
with Aeronautical Chamber 
of Commerce of America 

Present Trends in Aviation— 
Ralph H. Upson 

Another speaker will be provided 
by the Aeronautical Chamber 

Kansas City—Oct. 9 

Fairfax Airport Administration 
Building; Dinner 6:30 P. M. 

Transportation Costs—L. Fritz, 
Superintendent of Transpor- 
tation, Transcontinental & 
Western Air Transport 

Development in Aircraft Design 
—M. P. Crews, Chief Engi- 
neer, American Eagle Lin- 
coln Aircraft Corp. 


Metropolitan—Oct. 22 
A.W.A. Clubhouse, 357 W. 57th 
Street; Dinner 6:30 P. M. 


The Salesman’s Car—Is_ It 
Cheaper to Rent or Own 
One?—R. A. Wotowich, H. 
L. Doherty & Co. 

Why Won't the Manufacturer 
Produce What the Fleet 
Owner and the Public De- 
sire?—John A. C. Warner, 
General Manager, S.A.E. 

The Passenger-Car for the Fleet 
vs. the Passenger-Car for 
“John Public’—J. L. Lufkin, 
United Electric Light & 
Power Co. 

Milwaukee—Oct. 7 

Milwaukee Athletic Club; Dinner 

6:30 P. M. 
Philadelphia—Oct. 14 

Philadelphia Automobile Trade 
Association, 715 N. Broad St. 

Cooperative Aeronautic Meeting 
with the Aeronautical Cham- 
ber of Commerce of America 

Oregon—Oct. 2 

Multnomah Hotel, Portland; Din- 
ner 6:30 P. M. 

Health and Its Relation to Safe 
Chauffeurs—Dr. Albert Sev- 
eride 

Carbon Monoxide and Oil Fumes 
—Prof. S. H. Graf 

Accidents—Ray Conway, Oregon 
State Motor Association 

Worse than War—Kent Shoe- 
maker, Chief, Oregon Oper- 
ators’ License Bureau 

Pittsburgh—Oct. 6 

Fort Pitt Hotel 

Syracuse—Oct. 5 

Drumlin’s Nottingham Road; 
Dinner 6:30 P.M. 

Cooperative Aeronautic Meeting 
with the Aeronautical Cham- 
ber of Commerce of America 

The Autogiro—A. E. Larsen, 
Autogiro Co. of America 

Engineering and Its Relation to 
Aviation—Major T. G. Lan- 
phier, Bird Aircraft Corp. 

Washington, Oct. 27 to 29 

Section will cooperate in the 

S.A.E. Transportation Meet- 


ing 
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SCHEDULED CHAIRMEN AND AUTHORS 


(1) Philip B. Taylor, Chairman of First Engine Session. (2) 
J. H. Geisse, Whose Topic Was Sealed Liquid-Cooling. (3) O. 
Chenoweth and (4) A. L. Berger, Co-Authors of a Paper on The 
Turbo Supercharger. (5) Lowell Thomas, Speaker at the Dutch 
Supper. (6) William B. Stcut, Chairman of the First Aircraft 
Session. (7) S. J. Zand, Author of a Paper on Airplane Vibra- 
tion with Particular Reference to Vibration at the Instrument 
Board. (8) J. S. Newell, Whose Subject Was a Rationalization 
of Load Factors for Airplanes in Flight. (9) C. H. Colvin, 
Chairman of the Second Aircraft Session. (10) Lieut. C. B. 
Harper, Who Spoke on Speed. (11) A. E. Larsen, Author of a 
Paper on Progress of Autogiro Development. (12) Lieut. Alford 
J. Williams, Who Spoke on the Progress of Technical Development 


OF PAPERS GIVEN AT NATIONAL 





AERONAUTIC MEETING 


in Europe. (13) N. N. Tilley, Chairman of the Second Engine 
Session. (14) E. S. Taylor and (15) George L. Williams, Co- 
Authors of a Report on Further Investigation of Fuel Injection 
with Spark Ignition in an Otto-Cycle Engine. (16) A. M. Roth- 
rock, Who Reported on the Development of an Apparatus for 
Study of Combustion in High-Speed Diesel Engines. (17) G. D. 
Welty, Author of a Paper on Magnesium Alloys in Aircraft-En- 
gine Construction. (18) The Hon. David S. Ingalls, Toastmaster 
at the Dutch Supper. (19) E. E. Wilson, Chairman of the Pro- 
peller Session. (20) D. A. Dickey and (21) Lieut. O. R. Cook, 
Co-Authors of a Paper on Controllable and Automatic Airplane 
Propellers. (22) F. W. Caldwell, Who Spoke on Aeronautic 
Propellers 
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nology, proposed a method for deter- 
mining load factors in the high-angle- 
of-attack condition by the use of two 
rational variables and one empirical co- 
efficient. Professor Newell inciuded in 
his paper a discussion of possibilities 
to coordinate wing and tail loading con- 
ditions by establishing limiting veloci- 
ties for various maneuvers, the veloci- 
ties depending on the magnitudes of the 
factors where such factors have been 
established by experience, the factors 
being dependent upon velocities where 
new conditions require diving and pull- 
ing out from dives at speeds in excess 
of those formerly considered necessary. 
Professor Newell called attention to the 
fact that complete rationalization of 
load factors and design conditions is 
not yet possible, although a number of 
steps may be taken to advance the art 
in this direction. 

W. B. Stout, of the Stout Engineering 
Laboratories, served as chairman at the 
Tuesday evening session, at which the 
Zand and Newell papers were pre- 
sented. 


Harper Discusses Speed 


Lieut. Carl B. Harper, of the United 
States Navy, retired, was introduced by 
Charles H. Colvin, of the Pioneer In- 
strument Co., as the engineer who has 
recently be en in charge of checking and 
other work involved in the preparation 
of Colonel Lindbergh’s plane. 

Lieutenant Harper referred to veloc- 
ity as the yardstick of life and prog- 
ress. He traced the history of striving 
for greater speed among human beings 
and called attention to the rapid in- 
crease in power required with increased 
speed for craft that travel in various 
media. Lieutenant Harper emphasized 
the desirability of developing planes 
and engines together as a coordinated 
unit rather than following the present 
practice of building the plane around 
an available engine. 


Autogiro Progress Reviewed 


A. E. Larsen, chief engineer of the 
Autogiro Co. of America, traced Auto- 
giro development from the time of its 
first appearance in America two years 
ago; mentioned among other impor- 
tant improvements the addition of a 
mechanical starting device, the use of 
increased power with accompanying in- 
crease in speed, the development of a 
two-place pusher open-cockpit model by 
the Buhl Aircraft Co., simplification in 
design of rotor hubs and blades and 
the use of hydraulic shock-absorbers 
as damping devices built into the in- 
dividual blades of the rotor. Mr. Lar- 
sen mentioned also the new method of 
completely fabricating the rotor blades 
in steel-skeleton construction. 


European Developments 


Lieut. A. J. Williams presented a 
very refreshing and frank discussion of 
technical developments in aviation in 
Europe. His talk was particularly 
timely in view of the fact that he had 
just returned from an extensive flying 
trip through Europe in quest of lead- 
ing pilots whom he induced to come to 
America to fiy at the National Air 
Races in Cleveland. 

E. S. Taylor and George L. Williams, 
of the Massachusetts Institute of Tech- 
nology, contributed further informa- 
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tion on their investigation of fuel in- 
jection witn spark ignition in an Otto- 
cycle engine. From their interesting 
study it was concluded that, with injec- 
tion timings suitable for application to 
two-cycle engines, that is, with injec- 
tion after the closing of the inlet vaive, 
better power and fuel economy may be 
obtained than is possible with either 
early injection into the inlet pipe or 
with a conventional carbureter. Gaso- 
line or hydrogenated fuels of low vola- 
tility were found suitable for use, with 
equally good performance. Ordinary 
low-grade Diesel fuels of low volatility 
showed inferior performance in the en- 
gine under test. A fair degree of di- 
rected turbulence was found to be es- 
sential for proper distribution and suffi- 
cient homogeneity. 


N.A.C.A. Apparatus Described 


Development of an apparatus for the 
study of combustion in high-speed 
Diesel engines was the subject of a 
paper prepared by A. M. Rothrock, as- 
sociate physicist of the National Ad- 
visory Committee for Aeronautics, 
Langley Field, Va., and presented by R. 
V. Rhode, of the same organization. Mr. 
Rothrock’s paper described an appa- 
ratus consisting of a_ single-cylinder 
test engine, a fuel-injection system de- 
signed so that a single charge of fuel 
can be injected, an electrical driving 
motor and a high-speed photographic 
apparatus suitable for making motion 
pictures of spray formation at the rate 
of 2000 per sec. 

The paper included the results of 
tests to determine the effect of air tem- 
perature and air-flow on the spray for- 
mation, the results showing that tem- 
perature has little effect on the pene- 
tration of the fuel spray but does af- 
fect the dispersion; further, that air 
velocities of about 300 ft. per sec. are 
necessary to destroy the core of the 
spray. When ignition does not occur 
until after spray cut-off, the ignition 
may start simultaneously through the 
combustion chamber or at different 
points in the chamber. When ignition 
occurs before spray cut-off, the com- 
bustion starts around the edge of the 
spray and spreads through the cham- 
ber. These conclusions were substan- 
tiated by photographs. 


Magnesium-Alloy Applications 


G. D. Welty, engineer of the Alumi- 
num Co. of America, showed where and 
how magnesium alloys can profitably 
be used in aircraft-engine construction. 
He pointed out that the most promis- 
ing immediate field for the magnesium 
alloys lies in those applications where 
strength and lightness are the main 
considerations and where high-temper- 
ature properties are of secondary im- 
portance. Machining practice for mag- 
nesium was discussed in some detail 
and the matter of corrosion and its 
remedies was touched upon. 

J. H. Geisse supervised the session 
at which the Taylor and Williams, the 
Rothrock and the Welty papers were 
presented. 


The Propeller Session 


Under the chairmanship of E. E. 
Wilson, president of the Sikorsky Avi- 
ation Corp. and Chance Vought Corp., 
the final technical session of the Aero- 


nautic Meeting program included a 
paper on controllable and automatic 
aircraft propeilers by D. A. Dickey and 
Lieut. O. R. Cook, of the United States 
Air Corps, and a paper on aeronautic 
propellers by F. W. Caldwell, of the 
tlamilton Standard Propeller Corp. 

Mr. Dickey opened his discussion with 
a call for a simple nomenclature which 
should define the differences between 
various types of propellers, notably the 
controllable type and the automatic 
type. He stated that the demand for a 
successful controllable or automatic 
propeller is greater than ever today. It 
will enable commercial aircraft to take 
off safely with greater loads and may 
enable multi-motored airplanes that 
cannot now maintain altitude with one 
engine dead to do so with a safe mar- 
gin of power. Increased rate of climb 
and increased speed at altitude, espe- 
cially with supercharged engines, are 
among the advantages. Messrs. Dickey 
and Cook mentioned that the Army Air 
Corps is at this time following the de- 
velopment of eight distinct types of 
controllable and automatic propellers. 

Mr. Caldwell covered in his paper 
considerable information based upon 
his analysis of the aerodynamic design 
of propellers, including such items as 
propeller stresses, vibrations, durabil- 
ity or life, the use of aluminum and 
magnesium alloys and the hollow steel 
type of propeller. 


Observations of a Banqueteer 


A couple of hundred hungry engi- 
neers attacking a Dutch dinner 
Everybody wearing chefs’ caps and 
aprons . Wieners and sauerkraut 
fast disappearing . . . President Ben- 
dix trying to spell S.A.E. with pretzels 

. . Captain Hammar and Lieutenant 
von Clausbruch of Do-X fame appear 
under Lester Gardner’s wing . . . The 
valiant Germans look perplexed... 
Perhaps it’s the oom-pah music of the 
so-called German band—or the tonic 

. Toastmaster David S. Ingalls’ con- 
tagious smile . . Dave thinks wider 
use of parachutes would enhance safe- 
ty . . . Airplanes should be weaned, 
he says . . They use too much gas 
and oil . . S.A.E. should push plane 
design, thinks the Honorable Ingalls 
: Engines have been developed and 
improved rapidly but planes are al- 
ways behind Introducing Com- 
mander J. C. Hunsaker . . . Who tells 
of close-working cooperation between 
S.A.E. and Aeronautical Chamber of 
Commerce . . . And calls for more and 
better aircraft for commerce and Na- 
tional defense Amelia Earhart, 
charming as ever, entertains her neigh- 
bors at the speakers’ table . . . Relat- 
ing her Autogiro experiences, perhaps 
. . « As toastmaster, David Ingalls is 
perfect . . Also as Assistant Secre- 
tary of the Navy for Aeronautics .. . 
Says best thing the Government can 
do is spend money in industry . . 
Salutes Senator Bingham for helping 
in this more than anybody else . 

The senior Senator from Connecticut, 
always a friend of S.A.E., continues as 
president of the National Aeronautic 
Association . . . Calls attention to re- 
markable Army airplane maneuvers 
without the loss of a single life in mil- 
lions-of-miles aggregate . . . Credit to 
(Concluded on p. 340) 











Good Prospects for Transportation Meeting 


A S THE TIME of the 9th National 

Transportation Meeting of the So- 
ciety approaches, the interest taken in 
it indicates that the attendance will be 
good, notwithstanding present economic 
difficulties. Other national organiz- 
ations, such as the American Electric 
Railway Association, American Rail- 
way Association, American Petroleum 
Institute, National Bus Operators As- 
sociation and the National Electric 
Light Association, are cooperating by 
sending their memberships complete 
information regarding the Society’s 
meeting and urging that the members 
send representatives. The Automotive 


Transport Committee of the N.E.L.A. 
will hold a meeting the day prior to 
the S.A.E. Transportation Meeting, and 
it is possible that similar arrangements 
will be made by some of the other na- 
tional groups for meetings of their 
transportation committees at about the 
same time. 

The manuscripts of a number of 
papers to be read at the Transportation 
Meeting have been received and are 
valuable contributions to consideration 
of the various topics scheduled. The 
general nature of these papers is indi- 
cated in the accompanying detailed 
program for the meeting. 





As at previous National Transporta- 
tion Meetings, the Motorcoach and 
Motor-Truck Activity Committee of the 
Society has cooperated in planning the 
meeting and has sponsored the techni- 
cal session on Thursday morning. 

For those who are not familiar with 
the Shoreham Hotel in Washington at 
which the Society headquarters and 
meetings will be held, it may be said 
that it is a beautiful new hotel of 
ample capacity and well equipped for 
the needs and comforts of those who 
will attend the meeting. Among the 
accommodations are a beautiful swim- 

(Concluded on p. 342) 





9th National Transportation Meeting Program 


Shoreham Hotel, City of Washington 


Tuesday, Oct. 27 


MORNING SESSION—10:30 O’CLOCK 


Some Problems of the Motor-Transportation Execu- 
tive : 
Relation between transportation executive and the 
manufacturer ; advantages of centralized control; rec- 
ognition of the transportation executive and improving 
his status 

By T. L. Preble, S.P.A. Truck Corp. 

Prepared Discussion 


AFTERNOON SESSION—2:00 O’CLOCK 


Coordination of Railroad and Highway Transporta- 
tion 
What economically sound coordination would be; in- 
fluences and conditions which now prevent it; effects 
of competition; means of economically replacing 
wasteful competition by sound coordination 


By S. O. Dunn, Editor, Railway Age 
Summary of 1931 Truck Legislative Activities 


Effects of design and operation of commercial vehi- 
cles; complicating the problems of operators and ship- 
pers; obsoleting equipment through unwise legislation ; 
safeguarding interests of truck and bus industry by 
guiding design and protecting operators’ investments 


By Pierre Schon, General Motors Truck Co. 


EVENING—7:30 O’CLOCK 


Inspection trip to plant of the Washington Railway & 
Electric Co. 


Wednesday, Oct. 28 
MORNING SESSION—9:00 O’CLOCK 


Commercial Application of Diesel Engines in Motor- 
Vehicles 
Comparative dynamometer and road tests of heavy- 
duty Diesel and gasoline engines; economic possibil- 
ities of Diesel engine applied to vehicle operation; 
practical advantages and disadvantages ; comments on 
Diesel-fuel problems 

By G. A. Green, General Motors Truck Corp. 

Prepared Discussion 


Chassis Lubrication 


Various lubricants and methods of using them on 
chassis, engine, axle and transmission; practical need 
for uniform methods and fewer lubricants 


By A. J. Scaife, White Motor Co. 


Prepared Discussion by W. H. Herschel and M. D. 
Hersey 


Oct. 27 to 29 


AFTERNOON—12:00 O’CLOCK 


Visit to White House to meet President Hoover, fol- 

lowed by inspection tour at National Bureau of Stand- 

ards. Meet the President at 12:30 P.M. sharp 
EVENING SESSION—8:00 O’CLOCK 


What the Bureau of Standards Is Doing for Business 


Personnel, organization and equipment of the Bureau 
for scientific solution of technical and _ industrial 
problems 


By Dr. G. K. Burgess, Director, United States Bureau 
of Standards 


Thursday, Oct. 29 


MORNING SESSION—10:00 O’CLOCK 
Relation of the Motorcoach Body to the Chassis 


Factors of chassis construction affecting body design ; 
their coordination in complete-vehicle design 


By R. W. Naegle, Bender Body Co. 
Relation of the Motorcoach Chassis to the Body 


Comfort and appearance as essential as speed, reliabil- 
ity and safety; body and chassis weakness and how 
remedied; bus characteristics treated as a unit, with 
bodies the basic consideration; trend toward compact- 
ness of components and engine accessibility 


By G. H. Scragg, International Motor Co. 


AFTERNOON SESSION—2:00 O’CLOCK 


The Equipment and Operation of Fleet Repair-Shops 
Versus Manufacturers’ and Commercial Repair- 
Shops 


A report on and analysis of a broad survey of fleet- 
servicing methods and set-ups: self-maintenance versus 
service-station maintenance for different classes of 
operation analyzed; suggestions for improving fleet- 
maintenance methods 


By J. M. Orr, Equitable Auto Co. 


EVENING—6:30 O’CLOCK 


National Transportation Dinner 


With cooperation of Washington and Baltimore Sec- 
tions of the Society 


Toastmaster—William P. MacCracken, Jr., Chair- 
man Washington Section 


Principal Speaker—Name and Subject To Be An- 
nounced Later 


Getting Something for Nothing 
By Roe Fulkerson, Author and Humorist 
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S.A.E. Session at Metal Congress 


Heat-T reating and Cast-Iron Alloys Considered at National 
Meeting Held in Conjunction with Boston Exposition 


i hw TECHNICAL session held by 
the Society at the National Metal 
Congress in Boston on Wednesday 
morning, Oct. 23, proved quite success- 
ful. Chairman R. F. Lybeck and many 
of the New England Section members 
aided materially in this success by as- 
sisting in securing a good attendance 
and in the running of the session. The 
meeting was presided over by F. P. 
Gilligan, Chairman of the Iron and 
Steel Division of the S.A.E. Standards 
Committee, and his wide acquaintance 
and intimate knowledge of metallurg- 
ical engineering induced interesting dis- 
cussion of the three papers presented. 
The authors of the papers are to be 
congratulated on the way in which they 
handled their subjects, especially in 
view of the fact that the time available 
to them for preparing their papers for 
this meeting was particularly short. 

The entire Metal Congress and the 
National Metal Exposition held dur- 
ing the week at Commonwealth Pier 
were both instructive and interesting, 
because of the many recent develop- 
ments in metallurgy and general met- 
allurgical equipment. Members of the 
S.A.E. and the other cooperating na- 
tional organizations who attended must 
feel well repaid for the time devoted 
to it. 

Summaries of the three papers pre- 
sented at the session conducted by the 
S.A.E. are given herewith. 


Heat-Treating Progress Depicted 


Economics of Modern Furnace Instal- 
lations was the subject of the first 
paper presented at the session. In it 
E. F. Davis, of the Warner Gear Co., 
said that the application of metallurg- 
ical principles to production manufac- 
turing would be impossible without the 
modern furnace, which has been of 
paramount aid in overcoming uncer- 
tainty in the physical properties of 
steel. 

To illustrate how a living creature 
can upset the accuracy of results, the 
author told of a delicate indicating 
mechanism the needle of which would 
operate in a very erratic manner. Some- 
times it would oscillate when no cur- 
rent was applied and at other times 
would refuse to respond to a definite 
current. Investigation showed that a 
screw had been omitted from the rear 
of the instrument and a spider had 
moved in. When a group of workmen 
must be depended upon to perform 
heat-treating operations, allowance 
must be made in the factor of safety 
of the metal for the stupid man, the 
man who forgets, the greedy workman 
who tries to get quantity rather than 


quality and the one who thinks he 
knows more than the metallurgist. 

Automatic furnaces eliminate these 
variables, along with the men who 
caused them, said Mr. Davis. Two men 
with a return recuperative-type fur- 
nace produce an output equivalent to 
that of 20 men with an old box-type 
furnace, and the cost during the last 
decade has dropped from 10 cents to 
9 mills per lb. Loading and unloading 
the boxes constitute the entire duties 
of the operators; they have nothing to 
do with the operation of the furnace. 
Carburizing temperatures are held 
within 10 deg. The carburizing com- 
pound is handled mechanically and a 
definite amount of new is mixed with 
the old. 

Continuous annealing offers tangible 
economies in fuel and labor, but the 
big saving is in the general improve- 
ment in production conditions resulting 
from the greater degree of uniformity, 
in the face of some variation in the 
raw steel. 

Looking into the future, Mr. Davis 
said that much remains to be done in 
the development of furnaces and that 
the forging of steel is about due for an 
upheaval. Furnaces are now being 
built that are rigid enough to produce 
almost perfect forgings if the problem 
of scale can be solved, and he believes 
that this can be done to such an extent 
that forgings can be made close enough 
to finish dimensions so that rough-ma- 
chining operations can be eliminated. 


Heat-Treating Ball-Bearing Races 


Progress in methods of annealing and 
hardening at the SKF plants was de- 
scribed in the second paper, by Dr. 
Haakon Styri, director of research at 
the SKF laboratory in Philadelphia. 
He said that the most commonly used 
steel for bearing races, containing about 
1 per cent of carbon and 1.25 per cent 
of chromium, received early recognition 
for the purpose. It was made by the 
crucible process 40 years ago, but in- 
creasing demand forced the adoption of 
the open-hearth and electric-furnace 
methods, and inferior steels were some- 
times produced. 

Methods of heat-treating have ad- 
vanced from hand-operated furnaces, 
controlled by eye, and automatically 
controlled continuous furnaces have 
been developed rapidly during the last 
15 years. nderfired box-type anneal- 
ing furnaces holding 5 to 10 tons were 
replaced by furnaces having the com- 
bustion over a perforated arch, then 
by car-type furnaces with automatic 
temperature control, each type effect- 
ing improvements. 

Box-type and semi-continuous fur- 
naces have been used in various plants 


for hardening rings. Improvements 
from automatic control of the oil burn- 
ers and better circulation of quenching 
oil were not sufficient to give the uni- 
formity of product desired, said Dr. 
Styri, so a continuous roller-hearth 
electric furnace was built. Mechanical 
defects and electrical troubles pre- 
vented entire success with this, but it 
led to the design of gas-fired continuous 
furnaces that, according to the speaker, 
have resulted in such improvement in 
the product that the estimated life of 
new bearings is about three times long- 
er than it was 10 years ago. 


Studies of Alloyed Cast-Iron 


F. W. Shipley, foundry metallurgist 
of the Caterpillar Tractor Co., pre- 
sented the final paper of the session, 
which is on characteristics of alloyed 
cast-iron and reports research to de- 
termine the qualities that can be ob- 
tained through the use of the alloys 
that have come into general use during 
the last decade. 

The first investigaton was of a group 
of nickel-chromium irons. It showed 
the highest hardness with the greatest 
amount of chromium, but the uniform- 
ity was best in the sample in which 
the chromium percentage was only one- 
third that of the nickel. The conclusion 
was that each increase of 0.10 per cent 
in chromium above 0.25 per cent will 
increase the Brinell hardness by ap- 
proximately 10 points in an alloy of 
this type, and that the ratio of nickel 
to chromium should be maintained at 
approximately 3:1. A second series of 
tests confirmed this conclusion. The 
mere addition of nickel was found not 
to improve materially a plain iron which 
is already suitable for automotive cyl- 
inder castings excepting as to its ma- 
chinability; either the silicon must be 
lowered to the danger point and nickel 
added to offset the chilling effect or 
chromium and nickel must be added to- 
gether. The latter method is the more 
practicable. 

Nickel-chromium alloying was found 
to improve the iron materially in its re- 
sistance to heat, although silicon is the 
most important element to be consid- 
ered in heat-resistant irons. 

Chilled rollers for tractor tracks 
had required special mixtures for each 
size to secure the correct depth of chill, 
said Mr. Shipley. Since producing these 
special mixtures in the cupola for small 
tonnage caused great inconvenience, 
experiments were made with adding 70- 
per-cent ferrochromium in the ladle. It 
was found that additions of 15 and 25 
lb. of this material per ton produced 
alloys which have served satisfactorily 
for some time. 
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OUNCILOR Ralph R. Teetor opened 

his summer place at Lake Wawa- 
see, Ind., and entertained members of 
the Society’s Council on Sept. 12 and 
13. At a business session held on Sept. 
12, the Council handled a very large 
agenda of important business. 

A review of the present situation 
showed that the Society is in excellent 
financial condition; this in spite of de- 
creased revenue due to an appreciable 
drop in advertising income during the 
months of depression. 

The total number of membership dues 
paid to Sept. 5 was 6791 in 1930 and 
6426 in 1931. 

The Council reviewed the matter of 
meetings expense and discussed plans 
now completed or well under way for 
three National meeting events that will 
be held before Nov. 1. 

The Council confirmed the appoint- 
ment of Adolph Gelpke, Chairman; F. 
K. Glynn and O. T. Kreusser, as mem- 
bers, of the Annual Dinner Committee 
that is at present arranging the pro- 
gram for this event. 


Summer Meeting at White Sulphur 


Chairman Shidle, of the National 
Meetings Committee, submitted a rec- 
ommendation from his Committee that 
the 1932 Summer Meeting be held at 
White Sulphur Springs, W. Va., the 


News 


Electric Gages and Nitriding 
Described at Seattle 


WO SUBJECTS were covered in 

separate papers by the same 
speaker at the first dinner-meeting of 
the new season of the Northwest Sec- 
tion, which was held at Seattle, Wash., 
Sept. 11 and presided over by Chairman 
C. H. Bolin. The speaker was H. M. 
Gustafson, engineer connected with the 
General Electric Co., and his subjects 
were Electric Gages and The Nitriding 
Process in the Heat-Treatment of Steel. 
About 75 members and guests attended 
the meeting and many took part in ani- 
mated discussion of the papers. The 
appointment of chairmen of Section 
committees was announced as follows: 
Greetings, William Coleman; Member- 
ship, Reece Lloyd; and Program, Sher- 
man Bushnell. 

Mr. Bushnell reported that five of the 
ten meetings this season are to be de- 
voted individually to transportation, 
aviation, Diesel engines, motorboats 
and motor-cars and the remaining five 
are to take up technical or special sci- 
entific subjects. Three speakers are to 
be heard at each meeting. 


High Magnification in Gages 


The electric gage, explained Mr. Gus- 
tafson at the September meeting, grew 


Ralph Teetor Entertains the Council 


tentative dates being June 12 to 17. 
This recommendation was based upon 
reactions that have been obtained from 
many interested members and from the 
fact that 22 members of the Meetings 
Committee selected White Sulphur 
Springs as first choice, whereas the 
remaining four votes cast mentioned 
White Sulphur Springs as_ second 
choice. The Council voted unanimously 
to hold the 1932 Summer Meeting at 
White Sulphur Springs. 

Twenty applications for individual 
membership in the Society were ap- 
proved. A number of grade transfers 
were acted upon and the Council gave 
extensive consideration to a number of 
cases of resignation and delinquency in 
dues. 

The Council heard a report regarding 
the screw-threads investigation that is 
being administered by a _ Sectional 
Committee on Screw-Threads of the 
American Standards Association, the 
Society acting as one of the sponsors. 
This investigation includes a checking 
of the dimensions of various screw- 
thread products manufactured through- 
out the Country. The results of the 
study are to be used as a foundation 
for revising and extending the present 
standards with a view to securing 
better interchangeability of products. 

Subjects assigned to appropriate Di- 


visions of the Standards Committee 
were shock-absorbers, valve-seat rings, 
square keys and aircraft camera 
mountings. 


Action on Section Budgets Deferred 


The financial condition and estimated 
expenses of the Sections were studied 
and the matter of Section budgets for 
the coming year was held for detail 
treatment during the coming month, 
when dependable data will be at hand. 

A report was presented concerning 
the formation of a committee with very 
wide representation for a further study 
of high-pressure lubricants. Col. H. W. 
Alden, chairman of the board of di- 
rectors of the Timken-Detroit Axle 
Co., has accepted the chairmanship of 
this important committee. 

It was decided to promote the sale of 
TRANSACTIONS by having representa- 
tives of the various Sections undertake 
to obtain orders for these volumes. 

Resolutions from the Aeronautical 
Chamber of Commerce of America with 
regard to cooperative arrangements for 
the promotion of aeronautical matters 
with the Society were read, and the 
Council appointed J. C. Hunsaker, 
Chairman; Charles Colvin, Arthur 
Nutt, E. E. Wilson and W. B. Stout, as 
a committee to cooperate with the 
Chamber of Commerce. 


of Section. Meetings 


out of the necessity of getting accuracy 
of measurement, with speed, in making 
the moving parts for electric refrigera- 
tors so as to keep down the production 
costs. The gage has a contact point 
supported so that it can move through, 
say, 0.0005 in. in the direction of mea- 
surement. This movement causes a 
pointer to travel a distance of 5 in. 
over the scale of an indicating instru- 
ment, the over-all multiplication of the 
movement thus being 10,000. These 
gages have been built with magnifica- 
tions of 500, 1000 and 10,000, and a 
magnification of 100,000 is possible. 
Such magnifications provide ‘for easy 
factory inspection and control of manu- 
factured parts within desired limits. 


Nitrided Alloys Exceptionally Hard 


Mr. Gustafson briefly explained the 
nitriding process as the “heating of 
articles made of certain alloy steels 
containing aluminum, chromium, mo- 
lybdenum and the like in an atmosphere 
of ammonia at a temperature of 900 to 
1200 deg. fahr. for 2 to 90 hr. at vari- 
ous gas pressures.” He said that it is a 
new process and is subject to further 
experimentation; considerable difficulty 
has been involved in connection with 
both the equipment used and the ma- 
terial under treatment, but it brings 
to steel users much that is desirable. 
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Maximum surface hardness and case 
depth seems to result from an average 
of about 40 hrs. of nitriding. Experi- 
ence has proved that maximum resis- 
tance to corrosion is obtained without 
buffing the nitrided parts. ~Nitrided 
steel remains file-hard up to tempera- 
tures of 1200 deg. fahr., asserted the 
speaker. One automobile manufacturer 
found that by nitriding the cylinders of 
his engine blocks he could reduce wear 
in the ratio of 1:20. Test samples of 
nitrided steel generally show a Brinnell 
hardness around 1000, as compared 
with 650 for the best carburized steels. 


Changes in Section Officers 


RANK B. AVERILL has felt 

obliged, because of illness, to with- 
draw from the position of Chairman 
of the Canadian Section, to which posi- 
tion he was elected last May, and 
George W. Garner, the Vice-Chairman, 
automatically succeeds to the chair- 
manship. The name of the new Vice- 
Chairman will be announced as soon 
as it has been determined by the Sec- 
tion. 

Word has been received from the 
Dayton Section that, through error, 


(Continued on p. 339) 
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Chronicle and Comment 


The Pleasure Is Ours A HIGH official of an important 
organization writes, “I feel un- 
der the greatest obligation to the Society of Automotive 
Engineers, and to you personally, for the aid given us 
in connection with the selection of an automotive en- 
gineer.” Apparently, in this case, everybody’s happy; 
and incidentally such things do happen every once in 
awhile, even in these days. However, the Society’s Em- 
ployment Department is working to find positions for 
more good men than there are vacancies; so don’t for- 
get to use these facilities—you who have openings to be 
filled. 


Ruthenburg Address to 


LOUIS RUTHENBURG, presi- 
Feature Production Dinner 


dent of Copeland Products, 
Inc., gave automotive pro- 
duction men cause for joy when he promised to speak 
at the Production Dinner that will climax the National 
Production Meeting at the Book-Cadillac Hotel in De- 
troit on the evening of Oct. 8. Mr. Ruthenburg has 
been through the mill from bottom to top with eyes and 
ears open; he knows how to speak; he knows what will 
interest real production men. 

The two-day meeting, Oct. 7 and 8, will be full of a 
number of things of technical importance, including 
papers on welding, inventory control, cleaning and re- 
pairing metal surfaces, hot coining and permanent 
molding. The Detroit Section is cooperating in this 
National meeting. 


A VISIT with President 
Hoover is one of the fea- 
tures of the National Trans- 
portation Meeting scheduled for Oct. 27 to 29 at the 
Shoreham Hotel in the City of Washington. Inspection 
trips to the Bureau of Standards and to the plants of 
one or more of the large operating companies have been 
arranged. A big Transportation Dinner will end the 
meeting with a bang on the evening of Oct. 29. See the 
program on p. 259. 


Transportation Members 
To Visit Hoover 


The 1932 Summer Meeting Back to White Sulphur 
at White Sulphur Springs § Springs we shall go for the 

1932 Summer Meeting; the 
Council so decided after hearing a practically unani- 
‘mous recommendation from the National Meetings Com- 
mittee. No definite dates have been set, but this always 
popular event will probably be held near the middle of 
next June. 

Before bringing in a definite report, the National 
Meetings Committee, under the chairmanship of Nor- 
man G. Shidle, made a careful survey of all the possi- 
bilities and took into consideration the personal reac- 
tions of many regular attendants at Summer Meetings. 


Canadians Make 
Another Ten-Strike 


A MAGNIFICENT gathering was 
staged at the Royal York Hotel 
in Toronto on the evening of 
Sept. 1 when many distinguished automotive men gath- 
ered around the festive board for the first annual Na- 
tional Motor Show Dinner of the Society’s Canadian 
Section. The Canadian Automobile Chamber of Com- 
merce cooperated very effectively in the affair, which 


was successfully arranged and operated by George Gar- 
ner, Chairman of the Canadian Section; D. R. Gross- 
man, president of the Canadian Automobile Chamber 
of Commerce; John Stewart, general manager of the 
Chamber; R. H. Combs; A. S. McArthur; Warren Hast- 
ings; W. E. Davis and others. 

President Bendix; the Hon. Leopold Macaulay, On- 
tario’s new Minister of Highways; and H. G. Weaver, 
of General Motors Corp., were among the speakers. 


Iron and Steel 


IN CONJUNCTION with the meeting of 
In Boston 


the American Society for Steel Treat- 
ing and the National Metal Congress, 
our Society held one technical session under the sponsor- 
ship of our Iron and Steel Division during the A.S.S.T. 
gathering at Boston. The session, supervised by F. P. 
Gilligan, afforded interested members and guests an 
opportunity to hear three important papers on furnace 
installations, heat-treating ball-bearing races and the 
characteristics of alloyed cast iron. Summaries of the 
papers are given on p. 260. 


Dr. Lanchester Receives 


THE THIRD Daniel Guggen- 
Guggenheim Medal 


heim Medal “for notable 
achievement in the advance- 
ment of aeronautics” was presented to Dr. Frederick 
William Lanchester, of Birmingham, England, on 
Wednesday, Sept. 16, on the occasion of the reading 
of the Wilbur Wright Memorial Lecture before the 
Royal Aeronautical Society, in London. 

The lecturer was Glenn L. Martin, president of the 
Glenn L. Martin Co., of Baltimore, who as represen- 
tative of the Society of Automotive Engineers pre- 
sented Dr. Lanchester as the medalist selected by the 
Board of Award “for contributions to the fundamental 
theory of aerodynamics.” 


The 1932 Handbook 
Listing of 
Manufacturers 


THE LISTING of manufacturers 
whose products conform to 
S.A.E. Specifications, as pub- 
lished in the 1931 S.A.E. HANpD- 
BOOK and July Supplement, will soon be compiled for 
the 1932 edition of the HANDBOOK. Letters explaining 
the requirements for listing, accompanied by the re- 
quired certification form, are being mailed to all com- 
panies listed in the 1931 Handbook and to additional 
companies that have indicated interest in the listing. 
Any manufacturers who have not previously been listed 
and are interested should communicate with the Society. 

This listing, which has been included in all editions 
of the HANDBOOK since 1926, has proved of noticeable 
value both to the companies listed and to the purchas- 
ing departments of companies using the products. 


Gelpke Heads the 
Annual Dinner Committee 


AT THE Sept. 12 Council 
meeting, confirmation was 
granted for the appoint- 
ment of A. Gelpke, Chairman; and F. K. Glynn and 
O. T. Kreusser, as members of the Annual Dinner Com- 
mittee; these appointments having been submitted by 
Chairman Shidle, of the National Meetings Committee. 
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A Study of Airplane and Instrument- 
Board Vibration 


By Stephen J. Zand’ 


IRPLANE vibration produces many undesirable 

conditions during flight, such as fatigue of struc- 
tural members, a bad effect on the nervous systems 
of the occupants and the like. Excessive vibration 
leads to premature deterioration or to erroneous indi- 
cations of instruments. Vibrations can be analyzed 
from a mathematical viewpoint with gratifying re- 
sults, but such analysis is sometimes difficult and 
often is applicable only to selected conditions. 

A serious mathematical analysis was carried out 
in the investigation of resonance conditions between 
engine and engine mount. Then the problem was ap- 
proached from a rather empirical viewpoint to give 
vibration relations, not, as heretofore, to bodily sen- 
sation, but to such terms as amplitude, frequency, 
the relation between the two, form and the like. As 
no instruments are commercially available for record- 
ing these values under flight conditions, an apparatus 
of the same size as that of any standard aircraft 
instrument—a photographic recorder—was developed. 


recognized as a source of discomfort to passen- 

gers, but it also affects instruments in three 
ways. It may introduce errors of indication, as shown 
in Figs. 1 and 2; may cause vibration of the indicating 
hand, as shown in Fig. 3 and may result in deteriora- 
tion of the instrument mechanism. The ultimate effect 
of severe vibrations on the airplane structure itself is 
less well known; but, presumably, it leads to fatigue, 
crystallization and possible failure of materials. 

Heretofore expressing vibration in any terms except 
those of bodily sensation has been extremely difficult. 
In fact, in specifying vibration characteristics of instru- 
ments the practice has been simply to state that they 
“must withstand the vibration ordinarily encountered 
on aircraft.” 

In the last few years a vibration test-stand was de- 
veloped with the intention of reproducing airplane vi- 
bration in the laboratory. The standard thus estab- 
lished is entirely arbitrary, as it was not known whether 
this test actually gave vibrations of similar character- 
istics-to those encountered in actual service. Further, 
no means exist of making certain that vibration test- 
stands used by the manufacturer and by the consumer 
agreed in their performance; hence an instrument pro- 
nounced up to standard in the factory might be found 
below standard when checked elsewhere. 

It was the original purpose of this investigation, and 
remains its major purpose, to give to vibration such 
dimensions in terms of frequency, amplitude and form, 
that vibration might be defined and compared without 


V IBRATION of aircraft structures has long been 





1M.S.A.E.—Aeronautical engineer, Pioneer Instrument Co., Inc., 
Division of the Bendix Aviation Corp., Brooklyn, N. Y 
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It operates on the principle of the seismograph and 
embodies many interesting and novel features. A 
complete mathematical analysis, description and 
method of calibrating it is given. 

Vibration test-stands used for duplicating airplane 
vibration in the laboratory are also described. The 
analysis of records obtained on them seems to indi- 
cate that the duplication of vibration in the labora- 
tory has not been fully accomplished. A total of 216 
records from actual flight tests and from the labora- 
tory tests was obtained. A limited number of records 
are reproduced, and the results from flight-test records 
are plotted in groups on four charts, which show that 
some airplanes vibrate excessively as compared with 
others and that, on some, the resonance points are 
within or very near the operating range. A table is 
presented which gives the arbitrary relation of bodily 
sensation to amplitude, and eight conclusions are 
stated which throw some light on the peculiar prob- 
lem of vibration in airplanes. 





Fic. 1—A COMPASS MOUNTED ON A VIBRATION STAND 


The Stand Was Subjected to a Vibration Having a Maximum 

Amplitude of 0.79 Mm. and a Frequency of 1400 Cycles per Min. 

It Is Evident That the Card Has Assumed an Angle of About 5 
Deg. from the Horizontal 


reference to bodily sensations in order that standards 
and limits might be established for specifying the per- 
formance of aircraft instruments. 

If instruments are required to be extremely sensitive 
and are. operated by very small forces they must be, 
ipso facto, delicate pieces of apparatus, and sensitivity 
and performance cannot be sacrificed in favor of rug- 
gedness; therefore, only a proper cooperation between 
the airplane manufacturer and the instrument maker 
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will lead to a satisfactory elimination or a reduction of 
vibration difficulties. That in some cases vibrations are 
far in excess of the expectation of the engineer is 
clearly evident from the following statement.’ 


The vibration of the board appears to be much 
more severe in some types of airplane than in others, 
depending on the mounting of the board and on the 
lack of balance of engine and propeller. While it is 
not possible to eliminate all vibration, it would appear 
to be sound engineering practice, from the standpoint 
of instrument design, to restrict the vibration to limits 
which experience has shown can be realized in the 
better types of installation. Ability to withstand 
vibration below the specified limits could then be 
made a requisite of instrument performance, while 
the failure of instruments in installations showing 
vibration in excess of the prescribed limits would be 
properly chargeable to the installation and not to the 
instruments. 


Analysis of the Problem 


For any given airplane structure or for any of its 
component parts such as the instrument-board, it is 
theoretically possible to determine, by mathematical 
analysis, the extent and character of the vibration. 

If any elastic body or any elastic system is suddenly 
subjected to external forces, or if continuously applied 
forces are suddenly removed, it will vibrate. This means 
that the elastic forces of the system will no longer be in 
equilibrium with the loading. Any acceleration or decel- 


*See National Advisory Committee for Aeronautics Report No 
371, p. 23. 

*See Vibration Problems in Engineering, by S. Timoshenko; 
D, Van Nostrand Co., Inc., New York City. 

*See Zeitschrift fiir Flugtechnik und Motorluftschiffahrt, Oct 


14, 1930, pp. 508-512. 


Fic. 2—TESTS OF BANK INDICATORS 
Seven Bank Indicators Were Mounted on a Vibration Stand. 
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eration will therefore produce vibration’, but this vibra- 
tion is of short duration and has such a large damping 
factor that it seldom affects the instruments. Instru- 
ments will yield to a short violent shock, such as is en- 
countered in rough landing, but if they are subject to 
continuous shocks of much lesser magnitude but of much 
higher frequency they might, in some cases, deteriorate 
or give erroneous indications. This statement is ap- 
plicable only to instruments that are properly balanced 
statically and partly balanced dynamically. Complete 
dynamical balance is generally not possible because of 
the elastic parts, such as springs and diaphragms, which 
form many basic parts of the instruments. If the bal- 
ancing is not done carefully, very poor results under 
vibrating conditions must be expected. Fig. 3 illus- 
trates what happens if the indicating hand is not bal- 
anced carefully. 

The importance of proper balancing was realized 
much sooner in this Country than abroad, and American 
instruments are generally superior to instruments of 
foreign origin. This statement by a person directly 
associated with an American company may appear 
biased; but G. Wolle and O. Passoth* comment on the 
performance of instruments used in the International 
light-airplane competition—the Internationaler Rund- 
flug, 1930—as follows: 


German instruments, although forming part of the 
equipment of many aircraft, showed a distinct defi- 
ciency. They responded to airplane vibration in some 
cases to such an extent that a slow but sure deteri- 
oration of instruments took place. 


In our investigation we were mostly concerned with 
the vibrations that are always present in different mag- 






Group A at the Left Shows the Layout Before the 


Board Was Vibrated. Group B at the Right Shows the Same Board Vibrated with a Frequency of 1600 Cycles 
per Min., the Maximum Amplitude Being 0.6 Mm. The Erroneous Position Indicated by Some of the Balls Should 
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Be Noted 





AIRPLANE AND INSTRUMENT-BOARD VIBRATION 











Fic. 3—ALTIMETERS TESTED FOR VIBRATION EFFECTS 


At the Left Are Two Pioneer Altimeters Shown Mounted on a 
Vibration Stand, There Being No Vibration. The Hand of the 
One at the Left Was Purposely Unbalanced by Adding 0.03 Gm. 
of Solder to the Counterweight. The Same Two Instruments Are 
Shown at the Right. The Vibration Stand Was Vibrated at a 


nitudes in any moving vehicle propelled by machinery. 
It is the constant “pounding” that we feel either in a 
car or in a train or in an airplane that we studied. An 
airplane is 95 per cent of the time in normal-flight con- 
dition; therefore the study of vibration during level 
unaccelerated flight at different speeds of the engine 
seemed to us the most important problem and is the 
subject treated in the subsequent paragraphs. 

In any problem dealing with vibration, it is necessary 
to know (a) the amplitude of vibration, (b) the fre- 
quency, (c) the relation between amplitude and fre- 
quency, (d) the general type of vibration, for example, 
unidirectional or multi-directional, and (e) the source 
of vibration. 

If the source of vibration is found either analytically 
or experimentally, the method of eliminating or decreas- 
ing vibration will be a fairly easy matter. In tenta- 
tively determining the source of vibration we were some- 
what assisted by a report’. Opinions of manufacturers 
were collected regarding what was done to decrease 
excessive instrument-board vibration. Some makers re- 
ported that they decreased vibrations by increasing the 
rigidity of the engine mount; others accomplished the 
same results by making a more-flexible connection be- 
tween the engine and the fuselage. It is logical to as- 
sume, therefore, that too much flexibility or too much 
rigidity will produce unfavorable and sometimes dan- 
gerous conditions. We assumed that the primary source 
of excessive vibration would be found in the powerplant 
and the structure supporting it and limited our serious 
theoretical analysis to the engine and the engine mount. 


Mathematical Analysis Begun 


Let us assume that an engine, such as is indicated in 
Fig. 4, is mounted on an engine mount at Y-Y. This 
connection is rigid. The assembly is mounted through 
a flexible connection on the fuselage at X-X. The fuse- 
lage itself is assumed rigid. The engine is assumed 
to be running at a certain angular velocity equal to w. 
For a short time interval, t, we can imagine the assem- 
bly of engine and engine mount as being unattached, 
which is a permissible assumption due to the flexibility 
at X-X. In this case, using the theorem of d’Alembert, 
we will have equilibrium between all the external forces 
acting on the engine, L,, the resultant of all the reac- 





5 See Report of the American Society of Mechanical Engineers 
on Aeroplane Instrument Vibration, December, 1930. 





Frequency of 1750 Cycles per Min., the Amplitude Being 0.5 Mm. 
Note the Difference of the Images of the Two Hands. While the 
Correctly Balanced Altimeter Can Be Read with Ease, the Hand 
of the Left One Oscillated So Heavily—between 600 and 0 Ft.— 
That It Did Not Make a Record on the Photograph 


tions, Lp, which are due to the elastic suspension at 
X-X and transmitted through the rigid engine-mount 
to the engine at Y-Y, and the total of the inertia forces, 
x,. Therefore, the fundamental equation will be: 


Ze + FR +21 = 0 (1) 


The inertia forces are composed of 1; which are due 
to the motions of all the internal parts of the engine, 
and 4;, which are due to the relative displacement of 
the system—that is, engine plus engine mount—at 
the flexible support X-X. Therefore, 

t+ ER + tr + I= 0 
or 
—=R = Li + Lil + Le (2) 

The exterior forces L, are composed of the weight P 
of the engine—in reality plus the weight of the engine 
mount p which is small in comparison with P and can 
be neglected—and the resistant moment at the propeller 
hub which, for further considerations, is assumed as 
a constant moment. 

We shall now consider an oscillatory movement of a 
fixed point Q upon the engine. We assume that this 
point moves parallel to a vertical axis O,. When the 
system is in equilibrium due to the external forces L, 








Fic. 4—ASSUMED ENGINE MOUNTED ON AN ENGINE MOUNT 
Line X-X Indicates a Flexible and Line Y-Y a Rigid Connection 
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only, then the center of the system of coordinates O 
coincides with Q. Its abscissa at the moment ¢ is z. 
The motion is assumed to be positive when the point 
travels downward parallel to the vertical. Then, pro- 
jecting all forces upon the axis O,, we can conclude that 
the projection of the exterior forces L, is constant and 
equal to the weight of the engine P, and that the pro- 
jection of forces due to the elastic suspension’ will be 


dz 
a i be an Dae 
P be — ¢ rT 


where bz is the resilient force of the elastic suspension 
ads ., : , , 

and — oT is a damping force proportional to the 
C 


velocity. This damping force is due to the friction and 
other mathematically undefined imperfections of the 
material. 

The inertia forces due to the motion of the different 
parts inside of the engine are periodic, and are a func- 
tion of the time element t. The projection of the re- 
sultant upon any axis also will be a periodic function 
and can be represented as a Fourier’s series’ of a simple 
form A sin Kt. 

The inertia forces &, will give at O, the component 


P dz ; , 
= gt -» The fundamental equation (2) then becomes: 


g dt 
dz ; P d%z 
. : 8 ae cg , = () 
bz ca, + A sin K (; a) 


P dz dz at ab P 
; Che -be = As t 3 
(- =) + ¢ i + bz A sin K ( 


or 


This is the final equation, but a transformation is 
necessary to enable us to solve the equation. If we sub- 
stitute’ Ag/P = a; bg/P = B’; and cg/P = 2D; then 

dz ? dz 


~ 42D + B% = asi (4) 
TE }- 2] a + Bz a sin (Kt) 


Assuming D larger than B, the general solution is: 


(B? — Kh) an Ki — 2D K cos Kt 
(B?— K*)?—4D? K? 





z=e—Dt(C, cosat+C, sin al) +a 


where « stands for \/ (B’— 
stants of integration. 

Equation (5) shows clearly that we have to deal with 
two periodic motions; one with the period 2x/a which 
is the natural vibration of the system and in view of 
the factor e”' will disappear very soon; the other with 
the period 2x/k, which will persist so long as the dis- 
turbing force A sin Kt exists and is therefore the 
forced vibration of the system. 

Considering that the natural vibration of the system 
is damped out after a very brief period’, Equation (5) 
can be written: 


D*) and C, and C, are con- 


. (B? — K?) sin Kt—2DKcosKt 


(B? — RK}? —4 D*K? (8) 





*See Le Moteur a Explosion, by Rene Devillers, second edition ; 
Dunot, Paris, France. 


*See Vorlesungen aus der Hiheren Mathematik, mimeographed 
notes by A. Hirsch; Federal Polytechnical School, Zurich, 
Switzerland. 

*See Die Hihere Mathematik, by Kiepert. 


*See Vorlesungen aus der Mechanik, mimeographed notes by 
Prof. Dr. E. Meissner; Federal Polytechnical hool, Zurich, 
Switzerland; see also Vibration Problems in Engineering, by 8S. 
Timoshenko; D. Van Nostrand Co., Inc., New York City. 


"See Vorlesungen aus der Mechanik, mimeographed notes by 
Prof. Dr. E. Meissner; Federal Polytechnical School, Zurich, 
Switzerland; see also Le Moteur a Explosion, by Rene Devillers, 
Second Edition ; Dunot, Paris, France. 
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Calling 2DK/(B’* K*) = tang, Equation (6) simplifies 
to: 
sp asin (Kt — 9) - 
7" Vie — KP +e DR Mf) 
It is at once evident that this motion shows a con- 
stant difference of phase ¢ in relation to the harmonic 
which causes it. Its amplitude diumar. = [a/V[(B*— 
K*)* + 4D*K*| will become the maximum amplitude when 
Gimag = /2D K. If B=K, the phenomenon of reso- 
nance will take place. 
To obtain the resultant forces at the point of support 
X—X, we must add to the forces produced by the inertia 
of the moving parts a force that is due to the relative 


motion of the system on account of the elastic support.” 
Hence, 





F = bz+ F 
Taking into consideration what was stated while de- 
ducting Equation (3), we have 


P dz 


[= sin Ki — —- 8 
F A sin Kt 7 de (3) 





Using the formula which introduced abscissa z, we 


obtain the value - by a simple differentiation. Equa- 


tion (8) then becomes: 
PF = ae sin (Kt — o) + Ke cos | (Kt - — oy 
V((B? — K2)? +4 D?K4 
If tan ) = (2D K/B’), then 


(9) 





B? 1D? K? : ! 
| _ we 4D? RK? sin (Ki—@ + yp) (10) 
and 
PF A ae 11 
mas. ™ \ (B?— Kp? K? 2)2 aD \ ) 


It is evident that the elastic support or elastic con- 
nection between the engine and the engine mount or 
between the engine mount and the fuselage will tend 
to increase or decrease the forces due to vibration, de- 
pending upon the condition whether 


or B? seis K? 
y <2)? + 4D? K? 


> 1 increase 


of forces (12) 
< 1 decrease 


In a sie, case when B = K, the case of reson- 
ance, we have 


= Av/[1 + ( K*/4D*)] (13) 


Here the forces are amplified and therefore we can 
make the important conclusion that, if we have reson- 
ance, an elastic support will always tend to amplify 
vibration. It is at once apparent that the phenomenon 
of resonance must be avoided because all supports are 
more or less elastic and this amplifying force might 
therefore reach such values as to cause very undesirable 
and, in some cases, dangerous stresses in the whole air- 
plane structure. Further, it is evident that we should 
strive to incorporate into the design of the engine 
mount such materials as will give a large value to the 
damping coefficient B, which, unfortunately, is not al- 
ways possible. 

To have a complete picture of the situation we must 
analyze the relation of the engine vibration and its 
rotational velocity. This analysis might give us a solu- 
tion which could be used in actual practice when de- 


7 
F max. resonance 








signing engine mounts. Reference is made once more 
to the general harmonic function A sin Kt and its 
projection on the axis O,. The angular velocity of the 
engine is denoted by w. For a four-cycle engine, the 
period which corresponds to one revolution is 2x/w. 
This period must be multiplied by 2x/K, which is the 
period of the harmonic which causes the vibration. 
Hence, K = nw where » is a whole number. It will 
be noted that if t has increased by 2x/w, the crankshaft 
has made one complete revolution and all the internal 
parts, the inertia forces of which we are interested in, 
have returned to the same original position. The har- 
monic at that instant has the same value as at the 
beginning of the cycle and is proportional to A; but, 
for any given position of the system, all inertia forces 
are proportional to w*. Therefore, the coefficient A of 
the harmonic is proportional to w* or A = w°An. Hence, 
any harmonic of the general form A sin Kt can be 
written as w*A, sin nwt. Homogeneity of the differ- 
ential equation (4) 


a . .-~@ LS Jee 
qe + 2Pq, + Be =asnk 


shows that the coefficients D and B are angular veloci- 
ties. 

Referring back to the condition of resonance where 
K = B and substituting for K = nw, we have w = B/n. 
We see that a specific harmonic produces effects of 
resonance only at a given angular velocity of the engine. 
If w, and w, are the lowest or respectively the highest 
values and , and n, are the highest or respectively the 
lowest values of n, then, if it were possible to find such 
a value for B which would lie outside of intervals 7, , 
and 7, w., the phenomenon of resonance could not be pro- 
duced“. The coefficient B can be varied considerably by 
altering the stiffness of the flexible connection. 

We defined the coefficient B as equal to \/ (bg/P). 
Therefore, if the mount takes a static deflection under 
the weight P = dstatic, we have B = \/ (g/Sstatic), Where 
g = 9.81 meter sec.*. Assuming that the mount has 
deflected 0.1 mm., which is a rather unflexible mount, 
then B = \/98,000 = 313. Therefore, a harmonic of the 
form sin nwt, or cos nwt, will produce resonance at 
the angular speeds stated in the following tabulation be- 
cause w = B/n = 313/n, and n, by definition, is a whole 
number. Then we have 


n, Order of the 





Critical Speed————— 


Harmonic Angular Velocity R.P.M. 
1 313 3,000 
2 156 1,500 
3 104 1,000 
4 78 750 
5 62 600 
6 52 500 


Let us assume now that we have a flexible mount 
which would give a static deflection 10 times larger 
than the previous one; that is, 1 mm. Then B = \/ 9800 
= 99 and w = 99/n, and we have 


n, Order of the ———CCritical Speed 





Harmonic Angular Velocity R.P.M. 
1 99.0 950 
2 ; 49.5 475 
3 33.0 316 
4 25.0 237 


The problem can also be reversed. Let us assume that 





See Vorlesungen aus der Mechanik, mimeographed notes by 
Prof. Dr. E. Meissner; Federal Polytechnical School, Zurich, 
Switzerland; see also Die Dampfturbinen, by Prof. Dr. A. Stodola, 
Sixth Edition; Jul. Springer, Berlin, Germany. 
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we have an engine which runs at a 1500-r.p.m. cruising- 
speed; further, that this engine gives harmonics only 
of the order wt and 2wt. We want to build an engine 
mount such that it will not give resonance between 1000 
and 2000 r.p.m. Therefore w, = 209 and w, = 104.5, and 
the value of B must be either smaller than 104 or larger 
than 2 x 209 = 418. For rigid mounting, for example, 
B = 470; then 8 = 9800/(470)* = 1/22 mm. For an 
elastic mounting, if B = 90 then 8 = 9800/(90)* = 1.2 
mm. 

The successive harmonic vibrations diminish with the 
order and, in most cases, the first harmonic is the most 
dangerous. When the angular velocity has attained the 
value of w = B/n, the corresponding amplitude is am, = 
a/2DK, where K stands for nw and a = Ag/P = w’An 
g/P. Then dm, = gBA,/2DPn’. Therefore, the fraction 
gB/2DP is independent of the disturbing forces and the 
amplitude of successive vibration under resonance con- 
ditions due to harmonics decrease in proportion to 
An/n’. Hence, the fundamental disturbance either of 
the form sin wt or cos wt will be the worst and the 
most difficult to overcome. 

It is hoped that this analysis will show how the prob- 
lem of vibration and its most dangerous phenomenon, 
that of resonance, can be analyzed mathematically; but 
it must be borne in mind that a complete analysis is 
impracticable, due to the many assumptions which must 
be made. We have therefore approached the problem 
on the basis of taking actual measurements of fre- 
quency, amplitude and form of vibration upon represen- 
tative aircraft. However, before this work could be 
started, it was necessary to develop a vibration recorder 
or vibrograph of such size and characteristics as were 
required by the special nature of this problem. 


The Vibrograph Described 


A study was made of existing types of vibration re- 
corder. A number of instruments were found available 
which are satisfactory for making vibration records on 
heavy machinery, but none was found suitable for use 
on aircraft in flight. 

The first requirement was that the instrument be of 
approximately the same size, shape and weight as a 
standard aircraft instrument so that the vibrograph 
might be substituted on an airplane instrument-board 
for any conveniently removable instrument without 
thereby altering the mass and hence the vibration char- 
acteristics of the instrument-board. The second require- 
ment was that it should give qualitative and quantita- 
tive data, possibly on the same record; that is, ampli- 
tude and frequency. 

Essentially, a vibrograph is an instrument for record- 
ing motion. Provided a stationary reference point is 
available, the recording of motion is a simple matter. 
For example, the motion of an airplane in relation to 
the ground can be recorded by a motion-picture camera 
located either in the airplane or on the ground. If the 
camera itself had a motion in relation to the ground, 
then the problems of relative motion would need to be 
considered. Unless the speed vector of the camera is 
known, the record obtained would be valueless. If the 
speed vector is not constant then the records obtained 
could be interpreted only if we know its value at any 
time. In the case of recording vibrations, if this refer- 
ence point has a motion which is independent of fre- 
quencies, it means that, if the relation between the 
apparent and the real motion will remain constant, then 
the apparatus will give a faithful picture of vibrations. 
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Fic. 5—ANALYSIS OF VERTICAL VIBRATIONS IN RELATION TO 
THE GROUND 


The records thus obtained can then be compared with 
any arbitrary standard without further calculations. 

For vertical vibrations in relation to the ground, the 
apparatus shown in Fig. 5 can be used. The masses 
CPQ are supported at P by some frictionless means. 
The center of gravity G is in a horizontal line with P 
and with Q. Let PG=a; GQ=b; andPQ=/= 
(a +b). Let P and A get a displacement x, downward; 
let the displacement of Q be z; let the pull in the spring 
be Q+C (#2 —2,) where C is a constant known from 
the characteristics of the spring; and let W be the 
weight of the body. Then, if P, and Q, be the upward 
forces at the points marked P and Q, we will have 
in the position of equilibrium, Q,(a+)b) = Wa and 
P, + Qo = W. Hence P, = bW/(a+ b); Q, = aW/(a-+ 
b); and 


Q = Vo + U(x Zo) (15) 


Now G is displaced downward [b/(a + bla, + [a 
(a + b) |x, so that 


: ’ BS WwW d*r, d?zx l >) 
W-P-Q == (05; +45) (a) as 


The body has an angular displacement, @, clockwise 
about its center of mass, of (*# — x,)—-(a + b). So, if / 
is the moment of inertia about G, then 


" / d2r d?x, -) 
- +0 (= 755) (Ga di? ) a 


Hence Equations (15) and (16) give, if M stands for 
W/g and if ] = MK’, where K is the radius of gyration 
about G, 


dtr 1 ] _ fb d%z, l I ) 
TESTE + aM) + xf (*+1) =i? (a+b) a b M 


+20 (< +1) (18 
a 


If K, is the radius of gyration about P; if N stands 
for (1/K,)\/ (¢/M) = 2x times the natural frequency ; 
and e* = 1— (al/K’,); then Equation (18) simplifies 
and becomes: 

uae +n*x = e? pa +nx, (19) 

If the framework and room and observer have the 
motion x, then the observer will see (x — x,) = y; or 
x=-y+2, and 


a8 See The Calculus for Engineers, by J. Perry, 14th edition; 
Edward Arnold Co., London, England. 
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d*y d*z, , sige dz, s 
de We + nm* ly ot Z) =e TE - n*X, 
so that 
d?y pg d?x, s 
ae + ny (e? — 1) TE (20) 
or 
d?y : al d*x, _ ¥ 
qe + n*y + ki? We = 0 (21) 


Let z,=A sin gt and y=«a sin qt, then «= 
(al/K*) (q°/(”*® — q@])A, that is, the apparent motion y 
is (al/K,*) (q°/[n® — q’]) times the actual motion of the 
framework and room and observer. In this product we 
have the two factors al/K,* and q’/ (n? — q’). If q is much 
larger than n, then the factor q*/(n? — q’) will approach 
the value of unity and the apparent motion will be 
al/K,* and be independent of frequency. Hence, any pe- 
riodic motion whatever—whose periodic time is, say, 
less than one-fifth of the periodic time of the apparatus 
—will be faithfully indicated. 

In working out these formulas, the following well- 
known propositions of dynamics were used: 


(1) That the resultant force is equal to the mass 


2 
multiplied by the linear acceleration si of 


the center of gravity in the direction of the 
resultant force 

(2) That the resultant moment of force about an 
axis at right angles to the plane through the 
center of gravity is equal to the angular accel- 
eration multiplied by the moment of inertia 
about this axis through the center of gravity” 


It is apparent that an apparatus made in the same 
way as described before but turned 90 deg. in the plane 
of the paper, or operating in a plane at right angles to 
it, would give us a record of lateral vibrations; respec- 
tively, fore and aft vibrations. In these two latter cases 
the spring can be omitted, because the force of gravity 
itself will replace the action of the spring. 


Detailed Study of the Pendulum 


To ascertain correctly the general type of vibration, 
it would be most advantageous to have a vibrograph 
which would record vibrations simultaneously in the 
X, the Y and the Z axes of the plane. An apparatus of 
this type would be much more complicated than an ap- 
paratus recording vibrations in two planes only. In the 
Pioneer vibrograph described later, the vibration record 
is taken simultaneously in two planes. The amplitudes 
are recorded parallel to the X and the Y axes or to the 
X and the Z axes, which gives with very little effort 
the individual amplitudes in their respective planes. 

A pendulum which is carefully suspended on special 
jeweled bearings is the heart of the apparatus. Before 
going any further with the description of the different 
mechanical parts, we must make certain that this ref- 
erence point will comply with the requirements of in- 
dependence of frequencies; therefore, the natural period 
of this particular pendulum must be computed and, 
owing to the universal-joint, it must be classed as a 
conical pendulum. 

Theoretically, a conical pendulum consists of a non- 
elastic body which is suspended by a fixed rod to the 
point O as shown in Fig. 6. The center of gravity of 
the body denoted by S is assumed to move with uniform 
velocity and describes a circle around the point O. Due 
to the design, the body cannot revolve with relation to 








Fig. 6—STUDY OF A CONICAL PENDULUM 


OS; therefore, the plane XOS is a fixed plane. If rota- 
tion takes place, then OX is a fixed axis. As the point 
O around which the rotation takes place lies on the axis 
OX, all reactions must go through the point O. If all 
the gravitational and inertia forces are reduced to the 
point O, the resultant moment must become zero. 

Taking the point O as the center of a cartesian sys- 
tem of coordinates; the X axis vertical; assuming the Z 
axis as being in the plane XOS; denoting the angular 
velocity of the pendulum by w; the angle XOS by «; and 
the distance OS by A; then 


Mx =0 

My = A sin @ 
Mz = 

Mix = ‘a 

My = —w?>(Mzz) 
Miz = —w?=t(Mcy) 


The conditions of uniform rotational velocity are 
fulfilled when: , 

Wd sin a — =(mxz) = 0 (22) 
and 


(23) 
The conditions in Equation (23) are already fulfilled 


> (mry) = 


Zz, 





x Ww 


X; 


Fig. 7—DIAGRAM TO INTERPRET EQUATION (22) 
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because the mass is distributed symmetrically in rela- 
tion to the plane XZ. In Equation (22) we have to do 
with the moment of inertia about the planes XY and 
YZ. To interpret this equation intelligently, a trans- 
formation is necessary, and this is accomplished by 
turning the Z axis and the X axis in the planes until the 
X axis coincides with the line OS then, according to 
Fig. 7, 


z= 2, c0OSa — 2, sina 
= 27, SN a + 2; COS a 

and 
> (mzz) = sin a cosa = m (2,2 — 2,2) + (cos’a — sin’a) E (mx,2;) 


As the distribution of mass is symmetrical about the 
plane SOY, which means that Lmz2,z, = 0, we have 


(24) 


Taking into consideration that <m(z2*, — 2*,) = K, 
which is the moment of inertia of the body about the 


= (mzz) = sin a cos a [ Dm(x*, — 271) —2E(z22m) | 






¢- 


Fig. 8—STUDY OF THE PIONEER VIBRO- 
GRAPH PENDULUM 


Y axis; and &(mz’*,) = Q, which is the moment of in- 
ertia about the plane SOY; Equation (24) becomes 
quite simple and thus we have 


= (mxz) = sina cosa (K — 2Q) 


Wi 
wo (K — 2Q), 


Pe Mw =2r 
w@ 


In the Pioneer vibrograph the pendulum carries a 
small additional mass on its upper end as shown in Fig. 
8. After considerable experimentation the angle « was 
chosen to be 2 deg. The two masses M and m are con- 
nected by a hollow dural rod, the weight of which can 
be disregarded. Numerically, M = 60 gm., m = 4 gm., 
l= 0.003 m. and L = 0.02 m. The conditions in regard 
to symmetrical distribution of mass are fulfilled be- 
cause those masses are in the same plane; that is, plane 


(25) 


But cosa = which at once gives the 


period 


(26) 


(K — 2Q) cos ees) 
Wr 
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SOY of Fig. 6. 

equul to zero. 
Referring to Fig. 8, we have K = ML’ + ml’, and W 
g (ML — ml). Then, 


Therefore, the moment of inertia Q is 


qd : ML ml 
w* ML?—ml? 


COS a 


Referring to Equation (26), the period is 


ML? + ml? . 
i 2 COs a (27) 
, os | ( ML— ml) g ) du 


In the fraction affected by the radical sign, since 
both numerator and denominator contain M (W/g), 
it will be correct to work directly in the respective 


weights. Numerically, 

MxL 60 x 2 = 120 gm-cm. 

mx! 4x 0.3 1.2 nip 981 cm. per sec. 
MxlL' 60 x 4 240 — per sec. 
mx? = 4x 0.09 0.36 gm-cm.* 

and 


| { (240 + 0.36) cos 2 deg ) 
T =2 7 ——— 0.281 see. 
4 ry( (20 —12) 81, so 


We have also ¢ equals approximately 0.3 sec., or F 
equals approximately 3.33 sec. Hence, from Equation 
(21) and from the brief analysis, the condition of hav- 
ing a pendulum with its natural frequency of one-fifth 
of the one to be measured is fulfilled. 

Preliminary investigations using vibrating reeds 
have shown us that the frequency of instrument-boards 
is in the neighborhood of 20 to 60 per sec. Consequently, 
a vibrograph equipped with this particular pendulum 
will record faithfully from a frequency of Fa min. = 


Fig. 9-—The Frequency Is 2280 Cycles per Min. The Amplitudes 

Are Ae = 0.56 Mm, and Ay =0.79 Mm. The Distance A Was 

Measured under Great Magnification and Was Found To Be Con- 
stant up to a Frequency of 1020 Cycles per Min. 

Fig. 10—lIllustrates the Same Condition Shown in Fig. 9, the 

Frequency Being 1840 Cycles per Min. 
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1000 per min.; because Fy, the frequency of the pendu- 
lum, = 5F.4, or the lowest frequency of the instrument- 
board. As F, = 3.33 sec.”, then Fa min. = 5 X 3.33 
= 16.65 sec.", or 16.65 x 60 = 1000 min”. For lower 
frequencies, a different pendulum would need to be 
used. 


Photographic Check on Mathematical Proof 


Unwilling to rely on a mathematical proof alone, we 
made a series of photographs, four of which are repro- 
duced as Figs. 9, 10, 11 and 12. These proved beyond 
any doubt the soundness of our calculations. 

The instrument with its cover removed was mounted 
on a vibration stand which permitted the changing of 
frequencies from 0 to 2600 cycles per min., keeping the 
amplitude constant. A distinct black line was engraved 
on the pendulum and the distance between this line and 
a reference line on a glass plate fixed in front of the 
instrument was measured. The glass plate was sus- 
pended in space so that it could not move in any way. 
Obviously, if the pendulum had a different amplitude 
for each frequency, the distance A would not remain 
constant. The distance was measured under a magnifi- 
cation of 80 diameters and was found to be constant, 
beginning with a frequency of 1020 cycles per min. 
The error between the experimental and the mathemati- 
cal value of T was found to be only 2 per cent. Fig. 12 
was made at a frequency of 450 per min.” and here, 
because of the non-fulfillment of the condition required 
by Equation (21), the distance A, is not equal to A. 


Description of the Vibrograph 


The use of any mechanical contrivance between the 
pendulum and the recording drum was out of the 


Fig. 11—Shows the Same Condition as That in Fig. 9, the Fre- 
quency Being 1160 Cycles per Min. 

Fig. 12—The Same Condition Pertains as in Fig. 9, the Fre- 

quency Being 450 Cycles per Min. Even without Magnification 

It Can Be Seen That the Distance A, Which Is a Function of the 

Amplitude of the Pendulum, Has Changed 
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Fic. 13—-SCHEMATIC DIAGRAM OF THE PIONEER VIBROGRAPH 


The Various Parts Are A, Lamp Housing; B, 2.3-Volt Mazda 
Lamp; C, Condenser; D, Object, 0.001 in. in diameter; #, Pendu- 


lum; F, Stationary Mirror; G, Universal-Joints; H, Objective 
Lens; J and J;, Stationary Prisms; K, Rotating Prism (optional) ; 
L, Rotating Mirror; M, Film, and n, Clock Mechanism (see Fig. 


14). The Axis of the Film Drum Coincides with the Line 2-x 


question. Friction would destroy the sensitivity of the 
apparatus, and the levers, the supports for pens, and 
the like, would vibrate with their natural frequency, 
thus introducing harmonics. In recent years many very 
successful recording devices were built which used the 
photographic method as a means of obtaining perma- 
nent records”. Light, having no inertia, is in fact the 
most ideal medium to be used for recording purposes. 
The only disadvantage is that the records thus obtained 
are latent and must be developed and printed, which 
requires a certain skill. This disadvantage, however, 
is mitigated by the fact that from one master record 
an unlimited number of duplicates of any size to suit 
the particular purpose can be made. 

The Pioneer vibrograph is a photographic recorder, 
a schematic diagram of which is shown in Fig. 13. A 
light beam coming from a 2.3-volt Mazda focusing- 
type flashlight-bulb B passes through a condenser lens 
C and illuminates an object D. The object is a circular 
hole of approximately 0.002-in. diameter, which can be 
made larger or smaller depending on how wide the line 
upon the record is wanted. The image of the object is 
reflected in the mirror F, which forms a part of the 
previously described pendulum EF. The reflected image 
of the object passes through an achromatic lens H, of 
which the focal length is approximately 35 mm. f:6. 
The prisms are used only to increase the optical lever- 
age without increasing the over-all length of the ap- 
paratus. The reflected image is finally reflected from 
the mirror L, and is produced on the film M. To com- 
plete the optical system, another 90-deg. prism K can be 
used between the prism J and the mirror K, but its 
presence is not necessary. 

The entire optical system is firmly attached to the 





3 See A New Ultra-Speed Kinematographic Camera, by Toyo- 
taro Suhara, Report No. 60 of the Aeronautical Research Insti- 
tute, Tokyo Imperial University. Tokyo, Japan; see also Die 
Physic, by E. Grimsel, Fourth Edition; Teubner & Co., Miinchen, 
Germany. 

4Chief prod 


uction engineer, Pioneer Instrument Co., Ine. 
Brooklyn, N. Y. 


271 


case of the instrument and, if the case is vibrating, the 
whole system except the pendulum F will be subject to 
an identical motion. As already explained, the pendu- 
lum will move independently of frequencies under cer- 
tain conditions. The image of the object produced upon 
the film—which acts as a screen—will be a magnified 
but faithful reproduction of the motion of the case of 
the instrument. 

Such an apparatus, if it contained no other parts, 
would produce a single record of a particular vibration. 
From this record the amplitude parallel to both the 
X and the Y axes could be measured easily. To ob- 
tain a value for the frequency, the film must be moved 
at a predetermined known velocity. In this case the 
amplitude recorded parallel to the direction of the mov- 
ing film would become a function of the speed of the 
film and its exact value could be obtained only after 
a certain rather tedious mathematical calculation. To 
avoid any unnecessary computations, we utilized the 
idea of stopping the film for a fraction of a second— 
thus obtaining the undistorted record of the amplitudes 
parallel to two axes—and then moving the film through 
a certain known time interval to obtain a means of as- 
certaining a value for the frequency. But the require- 
ment of small size and light weight did not permit 
the use of any mechanism which would move the film 
with sufficient speed, at least 1/50 hp. being needed to 
do this. At the suggestion of Victor A. Carbonara™, we 


decided to keep the film stationary and move the re- 
It is believed that the in- 


flected light-beam instead. 





Fic. 14—SIMPLIFIED DIAGRAM OF THE CLOCK MECHANISM 


October, 193] 
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corporation of this idea made possible a vibrograph 
which is 3 in. in diameter and 5 in. deep, its weight be- 
ing slightly over 1 lb. The force necessary to move the 
mirror L is many times smaller than the force neces- 
sary to move the film. The main spring of an ordinary 
pocket watch has sufficient force to move the mirror 
during a period of approximately 10 min. We incor- 
porated in the clock the previously described feature 
of stopping and moving. 

Fig. 14 shows a simplified diagram of the clock 
mechanism. The clock consists of the usual ligne droite 
assembly comprising the balance wheel A, escapement 
B, main spring C and drive gear D. This assembly 
gives the gear FE an intermittent motion, similar to the 
motion of the second hand of a pocket watch. The 
wheel EF carries a cam with a number of notches. A 


sat 
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DETAILS OF THE CLOCK MECHANISM 
Fig. 15—Front View 
16—Rear View, Including the Inclined Mirror at the Center 
Fig. 17—Side View, Including the Centrifugal Governor 


Fig. 
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second main-spring, through a train of gears, supplies 
the necessary power to the revolving mirror L. In the 
position shown the lever F, bearing upon the gear J, 
keeps the revolving mirror stationary. At the moment 
the lever F’ falls into one of the notches of the cam E, 
the train of gears which operates the mirror is freed 
and the mirror will revolve until the lever F has re- 
turned to a similiar position as shown in Fig. 14. In 
the actual design, the release mechanism is not as 
simple as described; owing to the special nature of the 
mechanism, I have dispensed with a detailed descrip- 
tion. 

Figs. 15, 16 and 17 show some details of the clock. ; 
Perfect synchronization has been accomplished. The ’ 
clock is so rugged that, during more than six months 
of experimenting, no repairs were necessary except 
minor adjustments and cleanings. The clockwork is 
fully jeweled and is provided with many adjustments. 
The timing between two consecutive stops can be va- 
ried from 0.15 to 2.00 sec. and the time during which 
the mirror is stationary can be varied from 2/3 to 1/5 
sec. This timepiece was designed and manufactured 
entirely in our own laboratory. Details of the apparatus 
can be seen in Figs. 18, 19 and 20. 

The manipulation of the instrument is easy and re- 
quires no particular skill or training. After the vibro- 
graph has been loaded with film—similar to loading a 
camera—and mounted on the instrument-board or on 
any part of the airplane, the vibration of which is 
under study, the clock is wound. The record is ob- 
tained by closing a switch for a few seconds. A fresh 
strip of film is moved into position by rotating the 
crank one and one-half revolutions counter-clockwise 
after each exposure. The only accessory is a 2% to 
3-volt flashlight-battery. The new model which is now 
under construction will have the battery built into the 
case, thus making an entirely self-contained unit. The 
film is made especially for our company by the Eastman 
Kodak Co. It has high panchromatic sensitivity— 
about 2000 H and D—and a very fine grain. About.25 
vibrograms can be made with one roll of film. For de- 
velopment we found most suitable “Rodinal” Agfa di- 
luted 1:25, or Soda-Pyro standard Eastman formula 
D-1. 





Vibrograph Calibration Described 





Before the vibrograph is put into actual use it must 
be calibrated. The constants of the apparatus which 
must be found are (a) the timing t; (b) the amplifica- 
tion constant K, for the fore-and-aft axis X; (c) the 
amplification constant K, for the lateral axis Y and (d) 
the amplification constant K, for the vertical axis Z. 
Any body which follows a simple harmonic motion of 
known amplitude and frequency and to which the vibro- 
graph can be conveniently attached can be used as a 
standard. It is necessary only to make a series of 
records, from which the constant can then be found 
readily. 

Let us assume that the body moves 0.561 mm. = Az 
parallel to the axis X and simultaneously 0.794 mm. = 
A, parallel to the axis Y. Let us assume further that 
the frequency F is 1500 cycles per min. Denoting by 
Aw, and by A,, the respective recorded amplitudes, as in ° 
record B in Fig. 21, we have: 


Amplification constant, axis X: 


Ax _ mx 6.5 
Az 0.561 








Kz = = 11.59 
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DETAILS OF THE PIONEER VIBROGRAPH 


Fig. 18—Front View. The Cylinder on Top 
of the Instrument Case Contains the Damp- 
ing Mechanism of the Pendulum 


Amplification constant, axis Y: 


nx 2.41 
0.794 


Ay 


Ky = = 
dicey 


= 3.03 

If the records are measured under a microscope read- 
ing direct in millimeters, n = 1 as in this case. If meas- 
urements are taken from a screen or photographic en- 
largement, n = the magnification thus obtained; for ex- 
ample, 3 or 4. 

There are several methods of checking the timing. 
On the first apparatus I used a tuning fork, but this 
method, although very exact, is very tedious. Since an 
accuracy to hundredths of a second was not essential, a 
much simpler method was evolved. 

Let V, denote the number of vibrations per second. 
Then, in the case cited, V, = 1500/60 = 25. If V, de- 
notes the number of vibrations recorded, then V;/V,; = 
t. The term V, is obtained by simply counting the 
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f- 0.693 see: 










Fig. 19—Rear View, with the Film Cover 
Removed 


Fic. 21—RECORDS FOR DETERMINING CONSTANTS 


Fig. 20—Three-Quarter Rear View, with 


the Film Drum Removed 


loops as shown in Fig. 21. From record A it will be 


found that 
_ 17.5 _ Number of loops per time interval T — __ 0.7 
~ 25 ~ Number of loops per time interval = 1sec. 7 
The procedure was repeated about 50 times. As the 


equipment permitted changes in frequency from 0 to 
2500 while keeping the amplitudes constant, 0.7 sec. is 
a very good average. The error probably was within 
less than 0.1 per cent. The timing ¢t was found to be 
0.693 sec. Table 1 and Fig. 21 illustrate the method 
described very plainly. 

In Table 1, calibration run No. 7 of the vibrograph 
was made in the laboratory on March 15, 1931. The 
respective column headings are, r.p.m. = N; the num- 
ber of vibrations per second = V,; the number of vi- 
brations recorded per time interval t=V,; and the 
time (V,/V.) =t. The amplitude of the fore-and-aft 
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A, = 0.7937 mm. x sin 45 deg. = 0.5612 mm. The fore- 
and-aft amplitude recorded = A,,. The lateral ampli- 
tude A, = 0.7939 mm.; and the recorded lateral ampli- 
tude A,, = 2.42 mm. 

With regard to the standards and other information 
relating to Table 1, the damping was of type S.4, the 
balance-wheel spring-assembly was No. 3, 1/15 sec.; and 
the cam was 45 deg. The film used was Eastman Pan- 
chromatic No. 2. A Mazda 2.3-volt light operated at 
2.7 volts was used. The diaphragm was 2/3000 in., and 
the lens was fully opened. 

To be certain of our results, we calibrated the in- 
strument before and after each series of flight tests. 
We did not check each particular frequency; but usually 
we tested at 1300, 1700 and 2100 cycles per min. The 
amplification constants K,, K, and K, did not vary 
more than 8 per cent during all the tests. With further 
improvements of the vibrograph in the course of this 
investigation this figure has been lowered to a point 
where this check test need not be made so frequently. 


Experimental Results Stated 


The purpose of vibration test-stands already has been 
explained; but to follow the description of the tests it is 
necessary to explain briefly the two types of existing 
vibration test-stands. 

The older type, shown in Fig. 22, consisted of a rela- 
tively light steel frame made of 1-in. L-shaped channels 
which is suspended through several springs in a sta- 
tionary heavy structure made up of 2-in. gas pipes. The 
interior frame is connected through a flexible coupling 
and universal-joints to a 1/5-hp. variable-speed electric 
motor. Between the universal-joints and the frame, an 
adjustable eccentric weight is solidly attached to the 
driveshaft. The distance of this weight from the center 
line of the shaft can readily be varied. This vibration 
stand enabled us to reproduce practically any amplitude, 
but the adjustment for frequencies is quite difficult. 
This is due to the use of springs which introduce har- 
monics and, at certain speeds and certain values for the 
eccentricity, resonance takes place. Obviously, no two 
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TYPES OF VIBRATION STAND 
Fig. 22—-A Three-Quarter Rear View of the Older Type of Vibration Stand 


TABLE 1—CALIBRATION OF THE VIBROGRAPH 








Run 
No, N V: Vr t As Az Ay Ay 
1 1,200 20.0 14.0 0.705 0.561 6.51 0.7939 2.45 
2 1,300 21.7 15.5 0.705 0.561 6.52 0.7939 2.43 
3 1,400 23.3 16.5 0.705 0.561 6.49 0.7939 2.39 
4 1,500 25.0 17.5 0.700 0.561 6.49 0.7939 2.41 
5 1,600 26.7 18.5 0.695 0.561 6.30 0.7939 2.39 
6 1,700 28.3 19.5 0.680 0.561 6.40 0.7939 2.38 
7 1,800 30.0 21.0 0.700 0.561 6.45 0.7939 2.41 
8 1,900 31.7 22.0 0.690 0.561 6.50 0.7939 2.45 
9 2,000 33.3 23.0 0.690 0.561 6.50 0.7939 2.43 
10 2,100 35.0 24.0 0.688 0.561 6.59 0.7939 2.41 
11 2,200 36.7 25.0 0.680 0.561 6.60 0.7939 2.42 
12 2,300 38.3 26.8 0.679 0.561 6.50 0.7939 2.43 
13 2,400 40.0 27.5 0.688 0.561 6.50 0.7939 2.41 
14 2,500 41.6 29.0 0.695 0.561 6.50 0.7939 2.48 
Result of calibration average timing t = 0.693 sec. 
Az; 6.5 
Amplification Constant, axis X = — — —— = 11.59 = Ke 
Az 0.561 
An 2.41 
Amplification Constant, axis Y = —— = - = 3.025 = Ky 
Ay 0.7939 


stands of this type can be alike, as a small difference in 
the elastic characteristics of the springs or in the load- 
ing of the instrument-board would give very appreci- 
able changes in the vibration characteristics. 

Through the joint efforts of the Bureau of Stand- 
ards, the United States Army and the Navy, a different 
type of vibration stand was developed by the Aircraft 
Control Corp., Philadelphia. Fig. 23 shows the general 
layout. The apparatus consists of a cast-bronze right- 
angle-shaped base, provided with a housing for two 
heavy ball-bearings that are mounted on a shaft de- 
signed for motor operation and inclined at 45 deg. to 
the vertical, equipped with a flywheel having a suitable 
moment of inertia. The base is also provided with seats 
for ball races carrying a frame which is oscillated by 
an eccentric attached to the main driven shaft. This 
frame moves in a plane at 45 deg. to the vertical and 
perpendicular to the shaft, and carries through the ball 
races a platform on which are mounted racks or tables 
for the instruments or accessories that are to be sub- 
jected to the vibration tests. 

The inclined shaft-position and ball races, inter-ar- 
ranged at right angles, cause the instrument rack or 


Fig. 23—The Army and Navy Vibration 
Stand 
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platform to be. subjected to tri-directional vibrations 
simultaneously. As the vibrations are introduced 
through a positive eccentric and are guided by ball 
races, the amplitude is definite and does not depend on 
periods or on the elasticity of any springs that are 
used. The vibration-test amplitudes are adjustable 
within 0 to 1/16 in. Generally, 1/32 in. (0.79 mm.) is 
used as standard-test amplitude, thus giving a fore- 
and-aft amplitude of 0.79 x sin 45 deg. = 0.56 mm., a 
lateral amplitude of 0.79 mm. and, finally, an up-and- 
down amplitude of 0.79 x cos 45 deg. = 0.56 mm. The 
stand is proportioned so as to be capable of vibration 
tests of parts or of an assembly weighing up to 25 lb. 
and of fairly large dimensions. The mounting platform 
is 15 in. square, allowing for substantial overhang on 
either side if necessary. This apparatus is 19 in. wide, 
17 in. wide and 18 in. high; it weighs 345 lb. net. It 
is designed for operation by a 1%4-hp. electric motor, 
which provides frequencies at a range fully sufficient to 
cover any engine or propeller speeds. The calibration 
of the vibrograph was always made on this vibration 
stand and Fig. 21 shows how this particular type of 
vibration looks when recorded by the vibrograph. 


Different Vibration Stands Compared 


A calibration test was made at Plant A. Records 
were made similarly as in the previous test in incre- 
ments of 100 r.p.m., from 1200 up to 2400 r.p.m. After 
correcting for the amplification-constant error, the rec- 
ords checked very exactly. In fact, if the film record 
made at 1500 r.p.m. at Plant A as in Fig. 24, Record 
No. 1, is put on top of the one made in our laboratory 
at the same speed and shown in Fig. 21, they will prac- 
tically match each other. While the loops close on the 
top of the records shown in Fig. 24, they close at the 
bottom in records shown in Fig. 21. This is because 
the two flywheels of the corresponding stands ran in 
opposite directions; but this fact is immaterial as re- 
gards the vibration characteristics thus obtained. 

When approaching 1900 r.p.m. during the test I 
heard a peculiar high-pitched sound. Record No. 2 in 
Fig. 24 was made at a frequency of 1950 cycles per 
min. Record No. 3 was made in our laboratory at the 
same frequency. Without close examination it can be 
concluded that the vibrations are not identical. First, 
in Record No. 2, the two amplitudes have increased 
about 12 per cent and the frequency has also changed. 
Apparently, a combination of two vibrations takes 
place; one is the forced vibration of the test stand, the 
other is the vibration of its instrument-board proper, 
or the vibration of the structure supporting the test 
stand. 

Another interesting and striking dissimilarity be- 
tween the two tests was found at a frequency of 2350 
cycles per min. as shown by Record No. 4. Record No. 
5 is again the picture of vibrations of the test stand as 
obtained in our laboratory at a frequency of 2400 cycles 
per min. A very marked difference in the form of amp- 
litudes is seen. The recorded lateral amplitude Ay,, has 
increased from 2.45 to 2.86 mm. and the same fore-and- 
aft A,, amplitude has decreased from 6.50 to 6.20 mm. 
Unfortunately, the frequency of 2350 cycles per min. 
was the highest obtainable at Plant A; but it would be 
interesting to see what would happen at still higher 
frequency. 

The cause of these differences can be attributed only 
to the variable elements in the test stands. As already 
mentioned, the two test stands were identical in gen- 
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Fic. 24—RECORDS MADE ON VIBRATION STANDS UNDER 
VARIOUS CONDITIONS 


The Data on the Place of Test and the Frequency Are Given 


Below 
Record Place of Frequency, 
No. Test Cycles per Min. 
1 Plant A 1,500 
2 Laboratory 1,950 
3 Plant A 1,950 
4 Plant A 2,350 
5 Laboratory 2,400 
6 Plant B 1,500 


Record No. 1 Checks Exactly with the One Made in Our Labo- - 


ratory at the Same Frequency, Which Is Reproduced in Fig. 21. 
A Striking Dissimilarity Is Evident between Records Nos. 2 and 
3 in Both Frequency and Amplitude. This Probably Is Due to 
the Different Methods of Mounting the Stands on Their Bases. 
The Dissimilarity between Records Nos. 4 and 5 Probably Is Due 
to the Different Methods of Mounting the Stands on Their Bases, 
and also to the Difference in Shape and Material in the Mock 
Instrument-Boards Used. A Striking Dissimilarity of the Form 
of Amplitude Is Evident in Record No. 6, Which Should Be Com- 
pared with Those in Fig. 21 and Record No. 1, Fig. 24 
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eral design; but, upon examination, it was found that 
the one at Plant A had an oak mock instrument-panel 
about %% in. thick with a considerable overhang on top, 
while we used a 3/32-in. half-hard aluminum panel stiff- 
ened by L-shaped channels at the top and bottom. Fur- 
ther, the method of attaching the test stand to the floor 
was not the same in the two cases. Our test stand is 
mounted on the floor of the laboratory between two 
girders supporting the floor. Cork compound about 144 
in. thick is used to insulate the stand from the rest of 
the building. The installation at Plant A is very dif- 
ferent. The test stand is mounted directly on the floor 
without cork insulation and very near a girder. Hence, 
two possibilities may account for the dissimilarity of 
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the records. First, it may be that at a certain frequency 
resonance takes place between the vibration of the 
building and the stand, or, second, that the difference in 
the elastic properties of the two mock instrument- 
boards has produced the two dissimilarities mentioned. 
It is also possible, but not probable, that the combined 
effect of different methods of mounting and the differ- 
ence in materials used for the instrument-boards have 
produced different vibration characteristics. 

That the method of mounting the vibration stand to 
its base is of prime importance can be seen further from 
Record No. 6, which was made at Plant B, the stand 
being strapped to a concrete pillar. The test stand there 
is located on the tenth floor of a general factory build- 
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Fic. 25—TyYPICAL VIBRATION RECORDS OF THE DIFFERENT AIRPLANES TESTED, ENLARGED PHOTOGRAPHICALLY ABOUT 12 


Average 
Record Airplane Engine Frequency, Amplitude, 

No. No. No. Cycles per Min. Mm. Zone No. 
1* 2 2 2,000 0.64 VII 
2° 7 6 1,425 0.43 Vil 
se i) 2 1,800 0.34 V 
4¢ 7 6 1,575 0.24 VI 
5¢ 2 2 1,500 0.19 II 
6° 8 2 1,900 0.13 I 
7? 1 1 1,500 0.24 IIl 
8 3 2 1,700 0.32 IV 
of 6 5 1,600 0.26 Ill 

10) 1 1 1,400 0.30 IV 





* Simple harmonic motion, being the highest amplitude recorded. 
* This is a very complex form and was the most ragged record 
obtained. 
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DIAMETERS 


Data on the Records Are Given Below 


¢This is a complicated form probably composed of two har- 
monic motions. 

#The ragged form of Record No. 2 
amplitude is still uneven. 

¢ A very small lateral motion is evident, as indicated by the few 
points noticeable on the bottom of the curve. 

‘An example of simple harmonic motion, being one of the low- 
est amplitudes recorded. 

* This represents a very typical simple harmonic motion. 

* Representing simple harmonic motion. 

* The records were approximately alike at all frequencies. 

/ This represents a perfect harmonic motion except for the tip 
of the curve, where a certain raggedness begins to form. 


has disappeared, but the 
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Fig. 26—Test Made on Airplane No. 6 with 
Engine No. 5 in Which the Vibrograph Was 


Fig. 27—Test Made on Airplane No. 4 with 
Engine No. 7. This Is the Only Airplane 


Fig. 28—Tests Repeated under the Various 


Conditions Stated 


Located in the Rear Cockpit About 9 Ft. Which Had a Lateral Amplitude Ay of Air- 
Distant from the Engine about 22 Per Cent of the Fore-and-Aft Curve plane Engine 
Amplitude Az No. No. No. 
1 1 1 Standard Propeller 
2 1 1 Experimental Pro- 
peller 
3 6 5 New Airplane 
4 6 5 The New Airplane 


Fig. 29—Test Made on Three Airplanes of Type No. 8 
with Engine No. 2, the Planes Being in Different Stages 
of Use 


after Approxi- 
mately 380 Hr. 
Fig. 30—Results of Tests Made on Three Other Airplanes. 
The Pilot Was Ordered Not To Fly Airplane No. 7 at an 
Engine Speed of 1500 R.P.M., Even for the Short 20-Sec. 
Period of the Vibration Test 


RESULTS OF TESTS SHOWING THE RELATION OF FREQUENCY TO ENGINE SPEED 


ing, and many heavy machines are operating nearby. 
The records at all frequencies checked perfectly with 
the ones made in our plant on the same day, except that 
at 1520 cycles per min. a decided difference of form of 
amplitude can be noticed. In this test we used the same 
mock instrument-board as the one used in our factory, 
thus eliminating one variable. We, therefore, believe 
that the method of attaching the stand to the floor 
should be made a part of vibration-test specifications. 


Fortunately, the dissimilarity of the amplitudes hap- 
pened to be outside of the range in which instruments 
are tested, but this is merely an accident. As long as 
the three standards are not absolutely alike at all fre- 
quencies they cannot be regarded as standards under 
any circumstances, in my opinion. The usefulness of 
the vibrograph in bringing this fact to light does not 
need to be emphasized. 

Typical test-records made with the vibrograph are 
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reproduced in Fig. 25, enlarged photographically about 
12 diameters. Analysis of these vibration records has 
established certain rather definite characteristics of in- 
strument-board vibrations on airplanes. That the vibra- 
tion of the instrument-board may give a valuable indi- 
cation of the vibration of the whole structure is ob- 
vious. 

The frequency of vibrations at the instrument-board 
has been found—regardless of the engine or the pro- 
peller used—to be equal to the engine speed. The rela- 
tion of frequency to engine speed is shown in Figs. 26 
to 30. In a single case, where a rather flexible instru- 
ment-board was located at a distance of approximately 
9 ft. from the engine, the frequency was found to be 
practically constant as shown in Fig. 26. Apparently, 
the board was vibrating with its own natural frequency ; 
in other words, the disturbing forced-vibration of the 
system A sin Kt, referred to previously, was sufficiently 
damped out by the resiliency of the structure. The 
natural frequency of the board was found to be about 
1600 cycles per min.; therefore, at 1600 r.p.m., no mat- 
ter how large the damping coefficient may be, resonance 
must take place. The maximum amplitude does occur 
at 1600 r.p.m. or thereabouts, which seems to indicate 
the soundness of our theories. 

The large majority of the records show that the vi- 
bration of instrument-boards is unidirectional; that is, 
the amplitude was found to be substantially zero except 
in the fore-and-aft direction parallel to the X axis of 
the airplane, where it varied from 0.09 to 0.64 mm., 
depending on the type of plane but not on the type of 
engine. A significant fact is that the “roughest” and 
the “smoothest” airplane happened to be equipped with 
the same make of engine and propeller, as shown in 
Fig. 25, by records Nos. 1 and 6. This apparently indi- 
cates that the engine alone cannot be regarded as the 
source of excessive vibration. 

A single exception to the fact that the amplitude 
parallel to the Z or the Y axis is zero was found on 
airplane No. 4 with engine No. 7, as shown in Fig. 27. 
The records were fogged and unsuitable for halftone 
reproduction. This large cabin airplane had its in- 
strument-board of a rather odd shape mounted very 


TABLE 2—RELATION BETWEEN 


Amplitude up 





BODILY SENSATION AND AMPLITUDE OF VIBRATION 


Bodily Reaction 


close to the engine. The engine was mounted with 
rubber shock-absorbers interposed at the crankcase and 
at the fuselage supports. It is possible that the tension 
on the bolts was not equal, thus causing the plane of 
the engine not to be perpendicular to the line of thrust, 
and in turn producing a lateral-vibration component of 
about 30 per cent of the fore-and-aft vibration. 

The form of vibration—amplitude as a function of 
time—was found to be sinusoidal on most airplanes, 
as shown by records Nos. 6 to 10 in Fig. 25, although 
on certain airplanes this took a ragged form indicating 
the effect of a vibration source other than the power- 
plant assembly superimposed on the engine vibration, 
as shown by records Nos. 2 and 3. Such ragged forms 
of vibration appeared to give greater bodily discomfort 
for a given amplitude than did vibrations of sinusoidal 
form. 


Vibration Amplitude and Bodily Sensation 


Since all measurements of airplane vibrations have 
heretofore been in the form of individual reaction to 
bodily sensations, effort was made to relate vibration 
amplitude as measured in those tests to bodily sensa- 
tion as commonly expressed. The relation is shown in 
Table 2. 

It is important to note that if a pilot flies a partic- 
ular type of airplane for any great length of time he 
becomes so accustomed to that particular type of vibra- 
tion that his bodily sensations are different fruii those 
of someone who has never flown in that particular type 
of aircraft. Hence, opinions of test pilots as to vibra- 
tion characteristics of airplanes to which they had 
grown accustomed must be taken with a certain dis- 
crimination. The bodily sensation as explained in 
column 4 of Table 2 is based on my own reaction, and 
should be regarded as purely arbitrary rather than 
definite. 

Tests were made on a total of 15 types of airplane, 
records being taken at approximately every 100-r.p.m. 
increment throughout the flying range of each type. A 
total of 126 flight-test records and 90 miscellaneous rec- 
ords was obtained. These were plotted in terms of 
amplitude against frequency in various groups to bring 


Reaction of Instrument Hand 


Can Hardly Be Felt When Touching the Struc- Perfectly Steady 


Can Be Felt by the Naked Hand, but not if Steady 


Oscillates, but Less’ than 
1/64 In. 


If the Hand Touches the Structure Even Oscillates, but Not More than 


A Low- about 1/64 In. 


Can Be Seen if the Observer Concentrates His Oscillates, but Not More than 
Attention on a Particular Long Structural 
Part. The Pitch of the Noise Is Higher 


1/32 to 3/64 In. 


Can Be Seen Without Concentration. Is Per- Oscillates up to 1/8 In. 


ceptible When the Observer Touches the 
Structure with His Feet. The Pitch of the 
Noise Is Decidedly in the Upper Octaves 


Zone Description to, Mm. 
I Very Smooth 0.125 
ture with the Naked Hand. 
II Smooth 0.200 
the Hand Is Gloved. 
III Normal 0.260 Can Be Felt if the Hand Is Gloved. 
IV Slightly Rough 0.320 
Lightly, Vibration Can Be Felt. 
Pitch Tone of Noise Is Perceptible. 
V Rough 0.370 
than That in Zone IV. 
VI Very Rough 0.410 
VII Extremely Rough 


Above 0.410 Gives a Highly Unpleasant Sensation. The Oscillates up to 3/8 In 


Occupants Feel a Headache in a Short Time. 
The Pitch of the Noise Has Reached a Very 
High Value Resembling Whistling, and No 


Conversation Is Possible 


AIRPLANE AND INSTRUMENT-BOARD VIBRATION 


out the characteristics more clearly than is possible 
when plotting all records on a single chart or when plot- 
ting each record on a separate chart. 

Some tests were repeated under various conditions. 
For example, airplane No. 1 with engine No. 1 was 
flown while equipped with a standard propeller, as shown 
in Fig. 28 by the solid-line curve. An experimental 
propeller was used in another test represented by the 
dash-dot curve in Fig. 28. It can be seen that, while the 
amplitude has not changed more than a few per cent, 
the point of maximum amplitude has moved from about 
1380 r.p.m. to 1500 r.p.m.; therefore, this propeller is 
not as advantageous from a vibration viewpoint as is 
the standard one. 

Three airplanes of the same type but in different 
stages of use were tested, as indicated in Fig. 29. It 
may be inferred from these tests that an airplane which 
is well broken-in is the smoothest of the three, while the 
brand-new one and the one which is ready for top 
overhaul show not only a slight increase in amplitudes 
but also a shifting of the resonance point toward the 
operating range of the ship. 

On one airplane—No. 7 with engine No. 6, as shown 
in Fig. 30 by the dash-dot curve—a point of resonance 
was found within the operating range. The vibration 
at this speed was so severe that the pilot was under 
orders not to fly at an engine speed of 1500 r.p.m. even 
for the short 20-sec. period of the vibration test. Record 
No. 2 at 1425 r.p.m. in Fig. 25 and record No. 4 at 
1575 r.p.m. are at speeds of 75 r.p.m. before and after 
the critical speeds have been made, however, and they 
speak for themselves. 

On another airplane—No. 2 with engine No. 2, as 
shown by the solid-line curve in Fig. 30-—a point of 
resonance was apparently being approached at the upper 
end of the frequency scale that resulted in extremely 
uncomfortable vibrations accompanied by a high-pitched 
whistling noise at top speed. 

Table 3 shows a typical vibration log of airplane No. 
1 with engine No. 1. This one log is reproduced to 
familiarize the reader with the method we used for 
filing and classifying our results. The data for this 
flight test No. 4 were obtained March 17, 1931. The 
weather was clear, with a shifting northeast 20-m.p.h. 
wind. The vibrograph was mounted in place of the 
altimeter. The speed range used was from 1400 to 2000 
r.p.m. in level flight: 

The timing t = 0.69 sec. The constants are K, = 11.59 
and K, = 3.025. The frequency F = (V, X 60) /t. 

Two records were made at each speed and the results 
shown in Table 3 are the averages. Throughout the 
whole range the form resembles a simple harmonic 
movement, A sin Kt, which is especially clear at 1500 
r.p.m. Our conclusions are that this type and magni- 
tude of vibration are not destructive to instruments; 
that the frequency is a direct function of revolutions 
per minute = N = F; and that amplitude as a function 
of revolutions per minute gives a typical resonance 
curve. 

Many miscellaneous tests were made, such as on 
struts, cabin windows, shock-absorbers of radio equip- 
ment and even on home refrigerators. All were interest- 
ing and gave us many ideas on how the vibrograph can 
be used for different purposes, but their description is 
beyond the scope of this paper. It is interesting to 
note, however, that all these amplitude-frequency curves 
check fairly well with the mathematical analysis, which 
indicates that points of resonance and hence of mechan- 
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TABLE 3—LOG OF A FLIGHT TEST 

Run N Vr Vs: F Az Az Ay Ay 
1 1,400 16 23.3 1,400 3.45 0.300 None None 

2 1,500 17.5 25.0 1,500 2.85 0.243 None None 

3 1,600 18 26.7 1,570 2.40 0.207 None None 

4 1,700 19 28.3 1,650 2.20 0.190 None None 

> 1,800 21 30.0 1,840 2.00 0.175 None None 

6 1,900 22 31.7 1,930 1.85 0.160 None None 

7 2,000 23 33.3 2,000 2.00 0.175 None None 


ism vibrations for a good airplane should be found out- 
side the normal range of speed. 


Airplane and Test-Stand Vibration 


In comparing vibration on airplanes and vibration as 
produced by the new test-stand, the records in Figs. 21 
and 25 show at once that actual vibration on instru- 
ment-boards in airplanes during flight and the vibra- 
tion as produced on the test stand have only one char- 
acteristic in common; that is, the frequency. The prin- 
cipal difference lies in the fact that the stand gives, 
simultaneously, a tri-directional vibration; on airplanes, 
it has been found that the vibration is in most cases 
unidirectional. The amplitude of the test stand is also 
about 100 per cent higher than the average amplitude 
of all airplanes tested. The test stand is certainly a 
much smoother vibrating body than the instrument- 
board, which is manifested by the sharp points of the 
curves obtained during flight and their absence on the 
test stand. 

An interesting experiment illustrating the foregoing 
statement was made by me in our laboratory. An alti- 
meter was taken out of stock and subjected to a motion 
similiar to that shown by record No. 1 in Fig. 25. This 
motion was duplicated by trying different eccentricities 
and loadings of the old test stand shown in Fig. 22. At 
a frequency of about 1950 cycles per min., the hand of 
the altimeter oscillated about 5/32 in. The amplitude 
of the stand was about 0.6 mm. The same instrument 
was put on the new type of vibration stand, shown in 
Fig. 23, and was subjected to the vibration at the same 
frequency. The hand oscillated somewhat more than 
1/64 in. It can be assumed, therefore, that for a cer- 
tain mechanism a unidirectional vibration is much more 
destructive than a tridirectional one. It would be fairly 
easy to prove this mathematically but lack of space 
prohibits its inclusion. 


Conclusions 
From the data and records it can be concluded that: 


(1) Failure of instruments on some airplanes can be 
traced to abnormal vibration of the instrument- 
board or the structure near it. 


Frequency of vibration at the instrument-board 
is equal to the engine speed; that is, F — N. 
Vibration of instrument-boards in the large ma- 
jority of cases is unidirectional and parallel to 
the X or fore-and-aft axis of the airplane. 

The time-amplitude curve resembles a simple 
sine curve. 


Vibrations of instrument-boards are inherent to 
a type of complete airplane giving a similar 
amplitude-frequency relation for different air- 
planes of the same type. 


The engine and the propeller alone are not ordi- 
narily responsible for excessive vibration. 

The vibration test-stand as used at present can- 
not be regarded as standard unless the method 
of attaching the stand to the floor and the con- 
struction of the mock instrument-board are 

(Concluded on p. 315) 


(2) 
(3) 


(4) 
(5) 


(6) 
(7) 
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An outline history of the development of the turbo 
supercharger is presented, showing the progress 
of the supercharger and the related airplane parts. 
A brief history is given of the fuel systems, cooling 
systems, exhaust manifolds and nozzle boxes, turbine 
buckets, propellers, ignition systems, carbureters, in- 
tercoolers and bearings and lubrication, and a de- 
scription of the developments that have recently 
taken place in these fields. 

A study is made of the power required by the 
compressor and power delivered by the turbine on the 
basis of certain assumptions that may be at variance 


foremost importance confronting the Air Corps 
as a means of maintaining airplane performance 
at altitudes, and recently as a means of increasing out- 
put and decreasing the engine weight per horsepower 
by boosting. The necessity for this effort is evident 
if we remember that the power developed by an in- 
ternal-combustion engine is largely dependent upon the 
charge weight entering the cylinders. 

The purpose of this paper is to present the develop- 
ment of a device that offers almost unlimited possibili- 
ties in the improvement of aircraft powerplants, to- 
gether with an outline history of the development 
stages of this means of maintaining power at altitudes 
and power boosting, as well as a theoretical analysis 
of the power and efficiency of the turbine and compres- 
sor units. Both sides of the picture are presented, the 
failures as well as successful achievements, so that ad- 
vantage can be taken of this knowledge to further the 
art of supercharging. 

Supercharging internal-combustion engines in one 
form or another is practically as old as the engine it- 
self. However, like many other arts, the development 
progressed only after other devices made supercharging 
an absolute necessity. This was primarily brought 
about by the advent of the airplane, where the loss in 
horsepower of the engine, due to decreased charge- 
weight at altitudes, correspondingly affected the per- 
formance of the airplane. At the beginning of the 
World War, the need for aerial observation was fully 
realized, thus bringing about a rapid advance in air- 
craft for this purpose. However, gunnery and aerial- 
combat tactics also advanced, resulting in the necessity 
of attaining greater altitudes and obtaining better per- 
formance thereat. High-compression engines were then 


[Mer problem of supercharging has been one of 
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with the facts. Nevertheless, the study shows trends 
and the general order of efficiencies. 

From this paper, the conclusion is reached that the 
turbo supercharger is a serviceable piece of equip- 
ment for maintaining sea-level pressure at the carbu- 
reters to altitudes. The indications are that extensive 
ground boosting can be used if the engine, spark- 
plugs, fuels and carbureters are suitable for the ap- 
plication. 

A list of future developments that may be under- 
taken to improve the supercharger and attaching 
parts is presented. 





brought into the foreground, although this means of 
maintaining performance was limited and needs no 


further comment at this point. The only other recourse 
was to employ some external means of providing the 
engine with a constant charge-weight to maintain 
power and corresponding aircraft performance at alti- 
tude. 

Early Work on Superchargers 


Supercharger investigations were in progress by the 
Allies prior to the entry of the United States into the 
conflict, with most of the activity centering around the 
turbo or exhaust-gas-driven type of compressor, the in- 
vestigations being under the direction of Professor Ra- 
teau of France. M. LeBlanc of France was also investi- 
gating the possibilities of supercharging with an en- 
gine-driven device. The Germans were reported also to 
be doing considerable work along this line with most 
activities centered around geared units. Upon entry 
of the United States into the conflict, such information 
as had been obtained by the Allies on superchargers 
was made available. The American Expeditionary 
Force, under the direction of engineering officers, en- 
deavored to construct a geared supercharger for use in 
conjunction with the Liberty engine. Mechanical de- 
tails, however, appeared to preclude the possibilities of 
a satisfactory development along this line. 

The need for great altitude performance was para- 
mount and the problem of developing a suitable super- 
charger was undertaken by the engineering division of 
the Army Bureau of Aircraft Production, with every 
effort being made to expedite the development. Avail- 
able information on superchargers was so limited that 
an analysis was decided upon to ascertain the most satis- 
factory type of drive and compressor assembly, in which 
rotary, reciprocating, geared-centrifugal and exhaust- 
gas-driven compressors were considered. At that time, 
some 15 years ago, to interconnect the geared centrifu- 
gal compressor to the engine satisfactorily was believed 
impossible, since operation of gearing and bearings at 


THE TURBO SUPERCHARGER 


speeds required to provide an efficient unit was not be- 
lieved possible. The rotary and reciprocating types 
were discarded because of their bulk. Therefore, the 
combination of the exhaust-gas turbine and centrifugal 
compressor appeared to offer more possibilities than 
any of the other types because of its compactness, sim- 
plicity, flexibility and the utilization of the energy 
available in the exhaust gases. This particular super- 
charger incorporates a centrifugal compressor that 
must rotate at high speeds to be effective, thereby 
creating an application for which the turbine is ideally 
suited. Two projects were then started, one under the 
direction of S. A. Moss of the General Electric Co. and 
the other a series of designs by E. H. Sherbondy, which 
were more or less in accord with the practice of Rateau 
in using an entirely enclosed turbine wheel. Although 
the Sherbondy design was dropped after construction of 
three models, it had a number of ingenious details. 
Thereafter, all work was centered around the General 
Electric design. 

Although the device appeared to be simplicity itself, 
when it was placed in actual service on an engine, 
the magnitude of the problems confronting the 
Engineering Division was fully realized. To en- 
deavor to discuss all of the failures would be a hopeless 
task. However, we can say that they included prac- 
tically every detail of the supercharger, engine, fuel 
system, cooling system and even the propeller. This 
necessitated the conducting of many investigations to 
perfect component units before satisfactory super- 
charger operation could be hoped for. 


Operation of Superchargers 


The turbo-supercharger arrangement, in relation to 
the engine, is shown by diagrammatic sketch, Fig. 1. 
Air at approximately atmospheric pressure is taken in 
at a the pressure and velocity increasing through the 
impeller 6 until the maximum velocity at the pe- 
riphery which, under maximum operating-conditions, is 
1000 ft. per sec. is obtained. After leaving the im- 
peller, the velocity head is partially converted to pres- 
sure by the diffuser system. From the diffuser, the air 
enters a collector passage from whence it passes through 
intercooler c, reducing the temperature to a value 
that is not excessive for satisfactory operation of the 





Fic. 1—DIAGRAMMATIC SKETCH OF SUPERCHARGER-ENGINE 
COMBINATION 
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Fic. 2—PIKES PEAK LABORATORY SET-UP FoR TURBO-SUPER- 
CHARGER .INVESTIGATION 


The Results Obtained, While Not Phenomenal, Were Sufficiently 
Encouraging To Warrant Further Development and Flight Tests 


engine, thence through the carbureter d, where more 
cooling is effected because of the latent heat of vaporiza- 
tion of the fuel, and then to the cylinder. After com- 
bustion, the gases are collected in suitably designed dis- 
posal manifolds and led to the turbine e to provide 
the power that was required for driving the compressor. 

The turbine used is of the simple, single-stage im- 
pulse-type with converging-type nozzles. As an approx- 
imation, the turbine may be considered as a constant- 
pressure type with a varying condenser pressure, cor- 
responding to the atmospheric pressure in which the 
airplane is flying. This is of great importance for this 
diminishing pressure supplies the necessary pressure- 
ratio required for compressing the air for the engine 
without a corresponding increase in exhaust back pres- 
sure at the engine exhaust ports. Thus the turbine has 
the ability to convert waste energy into the useful work 
of driving the compressor, which would otherwise re- 
quire energy from the crankshaft. To expand the ex- 
haust gases to the atmospheric pressure in a piston- 
type engine would be uneconomical because of the fric- 
tion losses and weight, but the turbine is well adapted 
to this service. The control of the volume of exhaust 
gases passing through the turbine is by a waste gate. 
This determines the turbine speed and the pressure de- 
livered by the compressor and affords a very flexible 
type of control. 

Upon completion of the General Electric unit, with a 
semi-enclosed turbine wheel, ground tests were aban- 
doned to obtain some actual altitude-data. This was 
accomplished by constructing a laboratory on wheels, 
Fig. 2, for actual altitude-operation at the top of Pikes 
Peak. Although not phenomenal, the results were suf- 
ficiently encouraging to warrant further development 
and flight tests. 

Fig. 3 shows the first turbo-supercharger installa- 
tion, which was made in a Packard-built LaPere air- 
plane, with a Liberty engine. The first flight of this 
airplane resulted in engine failure at 18,000 ft., caused 
by inadequate cooling, loss of fuel pressure, excessively 
hot carbureter-air and improper fuel. The compressor 
was located so that the propeller slipstream passed over 
it, thereby improving cooling. The nozzle box, how- 
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FiG. 3—First INSTALLATION OF A TURBO SUPERCHARGER IN 
AN AIRPLANE 

The First Flight-Test of This LaPere Airplane Resulted in 

Failure of the Liberty Engine at 18,000 Ft. Due to Inadequate 

Cooling, Loss of Fuel Pressure, Excessively Hot Carbureter-Air 


and Improper Fuel 


ever, was back of the compressor and shielded from the 
slipstream, thereby maintaining a higher exhaust-gas 
temperature. At that time, maintaining the light metal 
parts intact without more provision for cooling was not 
possible. 

To treat all of the flights, failures and experiments 
in overcoming the difficulties encountered during the 
experimental stages of develop- 
ment in chronological order would 
be rather difficult. Therefore, the 
subjects will be treated individu- 
ally. Results of the first flight- 
test showed that many of the 
parts were malfunctioning. New 
equipment was installed and 
flight testing again started. The 
first major problems undertaken 
to correct these faults were the 
engine cooling, carbureters and 
fuel systems. 

With the carbureters between 
the supercharger and the engine, 
considerable attention had to be 
given to the method of maintain- 
ing a constant fuel-flow to the 
carbureters. Constant fuel-flow 
was required since the supposition 
was that approximately constant 
sea-level power would be main- 
tained up to the altitude of maxi- 
mum supercharging, above which 
point a fuel flow corresponding to 
the pressure ratio must prevail. 

The problems considered were: 

(1) Type of pump 

(2) Type of regulator’ to 

maintain a constant dif- 
ferential fuel-pressure at 
the carbureters Fic. 

(8) Type of instrument to in- 

dicate differential pres- 
sure and not absolute 
pressure 


The type of pump was the most 
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4—FUEL BYPASS-REGULATOR FOR Su- 

PERCHARGED FUEL-SYSTEMS USING PREs- 
SURE-TYPE CARBURETERS 

This Device Is Designed To Maintain a Constant 


Excess Pressure at the Carbureter over That 
Furnished by the Supercharger was 
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serious problem and the possibilities of the various 
known types were considered. The Quadruplex sylphon 
pump appeared to be the most desirable since it oper- 
ated at low speed, was leakproof and permitted the ap- 
plication of supercharger pressure to the diaphragms to 
maintain constant fuel-flow with decreasing head and in- 
creasing altitude. 

A bypass regulator, Fig. 4, was then constructed to 
maintain a constant differential pressure at the car- 
bureters. The differential pressure is the fuel pressure 
above that furnished by the supercharger. The bypass 
valve has a fuel inlet at the bottom and excess fuel that 
passed through the valve attached to the sylphon is re- 
turned to the fuel supply. A T attached to the inlet 
side of the regulator has one line to the fuel supply 
from the pump and the other to the carbureters. The 
top of the regulator is air-tight and an air line from the 
carbureter air-intake is attached to maintain carbureter 
inlet pressure on the inside of the sylphon. Within 
the sylphon is a spring, and at the top of the regulator 
is an adjusting screw for regulating the spring tension 
to obtain the correct differential pressure at sea level. 
The application of the supercharger pressure, in addi- 
tion to the spring pressure, provides the necessary pres- 
sure-difference to maintain normal fuel-supply to the 
engine when operating at altitudes with carbureter air- 
pressures corresponding to sea level. 

Providing an instrument for indicating the pressure 
was also necessary, and one was constructed to indicate 
only the differential pressure in the fuel system. This 
was accomplished by using a conventional fuel-gage and 
enclosing it in an air-tight case. 
The fuel line was attached to the 
connection in the gage and an air 
line from the carbureter inlet was 
attached to the sealed case. In so 
doing, the gage was at all times 
under the same pressure as the 
manifolds, thus giving a differen- 
tial-pressure reading. 

In the original installation of 
the fuel system, the tanks were 
connected directly to the Quadru- 
plex sylphon pump which was 
driven from the rear of the en- 
gine. A considerable number of 
flights were made to altitudes of 
approximately 21,000 ft., at which 
altitude the fuel-pressure indica- 
tor would read zero and the engine 
would operate very badly. 

Bench tests indicated that what 
is now known as vapor lock was 
occurring. Two methods were 
undertaken to overcome the diffi- 
culty. First, a wind-driven, gear- 
type propeller-pump was: located 
sufficiently low on the landing- 
gear strut that the pump would 
be submerged at all times, thus 
eliminating the necessity of lift- 
ing the fuel from the tank. From 
this pump, the fuel was deliv- 
ered to the Quadruplex sylphon 
pump and then to the engine. 
The second effort was more to 
secure a compact pump-unit and 
made by constructing a 
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Fic. 5—TUBULAR-TYPE AIR-COOLER 


This Was Built by the General Electric Co. and Improved the 

Engine Performance Materially by Reducing the Temperature of 

the Air Supplied to the Carbureter. Although the Cooling Rate 

per Square Foot of Surface Was High, Obstruction of Visibility, 

Interference with Machine-Gun. Installation and Weight Led to 
Its Abandonment 


double-gear pump operating in series, that is, one pump 
lifting the fuel from the tank and delivering to the 
second stage and thence through the system to the en- 
gine. Both systems materially improved the fuel flow. 
However, considerable mechanical trouble was experi- 
enced with the double-gear pump and it was abandoned. 

With the fuel-system problems fairly well understood, 
the entire system was modified to include a single re- 
mote-gear pump that was located below the fuel tank 
and driven by the engine through a twisted-wire flexi- 
ble-shaft. Some troubles were encountered with the 
shaft in the early stages such as the strands becoming 
loose and shaft breaking at the ends, but these problems 
offered no really serious difficulties and were overcome 
by increasing the strength of these parts. 

The general arrangement of this system is now being 
used in all pressure-type installations and is proving 
satisfactory. New developments are in progress, such 
as combining the various units into composite types to 
simplify installation problems and the development of a 
hydraulic drive to replace the twisted-wire flexible- 
shaft. 


Carburetion 


Two systems of carburetion are in use in conjunction 
with superchargers; the pressure type, in which the 
carbureters are between the compressor and the engine, 
and the suction type, in which the compressor is be- 
tween the carbureter and the engine. The latter system 
is used mainly with the geared-type supercharger and 
will not be discussed in this paper. With the exhaust- 
driven supercharger, the pressure system is employed 
which subjects the carbureters to the pressures deliv- 
ered by the supercharger at all times. This requires 
the use of an internally vented carbureter with no at- 
mospheric opening or bleeds. Fortunately, this was 
provided in the Zenith type carbureter that was avail- 
able at the beginning of the supercharger development 
and is common to all carbureters now used in the Air 
Corps. The carbureter must possess sufficient strength 
to withstand the pressure and be provided with leak- 
proof glands and gaskets at all joints, throttle shafts 
and mixture controls, and idle adjustments to prevent 
the fuel-air mixture and fuel from leaking out when 
the internal pressure is greater than the atmospheric. 

Although the majority of carbureter problems have 
been overcome, the necessity for automatic mixture or 
altitude control is as yet unsatisfactorily answered. Au- 
tomatic devices have been employed with unsuper- 
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charged engines with encouraging results, although 
none has been employed as yet with pressure-type 
turbo-supercharger installations. The need for mix- 
ture control with the turbo supercharger is a problem 
that is now receiving considerable attention and the 
necessity can be seen when all of the operating condi- 
tions are considered. With the unsupercharged engine, 
the mixture control is required to prevent excessively 
rich mixtures at altitude. In the case of the super- 
charged engine where normal carbureter-pressures are 
maintained, the mixture control can be neglected up to 
the critical altitude of the supercharger, which may be 
25,000 ft. If the mixture is suitable for sea-level con- 
ditions at 25,000-ft. altitude and if the supercharger 
pressure is suddenly removed without a corresponding 
mixture compensation, approximately sea-level fuel flow 
would exist, which results in engine stoppage due to 
excess fuel. 


Cooling System 


In the initial LaPere installation, no changes were 
made in the cooling system. The radiator was of the 
plate type, mounted in the center section of the top 
wing, and was constructed of a series of flat tubes 
soldered into headers. The cooling area was approxi- 
mately 240 sq. ft. The results of the first flight clearly 
indicated that the center-section plate-type radiator was 
entirely inadequate, and the necessary steps were then 
taken to increase the cooling as much as possible. 

The center-section radiator was removed and one 
with a cooling area of approximately 275 sq. ft. sub- 
stituted and mounted vertically between the engine and 
cockpit. Further tests indicated an improvement, al- 
though at great altitudes boiling of the engine occurred. 
This, however, was to be expected to a limited extent 
since the boiling point of water decreases with pres- 
sure, an 80-deg. cent. (176-deg. fahr.) boiling-point 
existing at 20,000-ft. altitude. During the flight, a 
slight quantity of water vapor was emitted from the 
cooling system at practically all altitudes and gradually 
increased as the airplane ascended, even though the 
water was below the boiling point corresponding to the 
air pressure. This condition would become worse until 
the water would boil violently and limit the flight. 

The radiator was then provided with a pressure valve 
that was set at 5 lb. per sq. in. pressure and a manually 
operated relief valve if the automatic valve failed to 
function. The latter was mounted on the top of the 
radiator and the former was fitted to the bottom with a 
control in the cockpit. The object in making a sealed 
system was to raise the boiling point of the cooling 
medium by increased pressure. Although this reduced 
the loss of cooling water, the cooling system continued 
spouting water vapor at rather definite altitudes at 
intervals of about 5000 ft. This characteristic is still 
noted in present-day water-cooled systems. 

In conjunction with this system, provision was also 
made to include an automatic air-intake valve of the 
ball-and-spring type to eliminate the possibility of 
collapsing the radiator in case the engine stopped at 
altitude and the radiator cooled rapidly. The vacuum 
established under these conditions could and did, on a 
number of occasions, collapse the radiator when the 
automatic air-intake did not open because of freezing. 

The manually operated valve was placed at the lowest 
point in the system to provide the pilot with a means 
of draining the water system, in case of engine stoppage 
at great altitudes, to prevent failure of the radiator by 
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Fic. 4—FUEL BYPASS-REGULATOR FOR Su- 
PERCHARGED FUEL-SYSTEMS USING PREs- 
SURE-TYPE CARBURETERS 
This Device Is Designed To Maintain a Constant 
Excess Pressure at the Carbureter over That 
Furnished by the Supercharger 
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Bench tests indicated that what 
is now known as vapor lock was 
occurring. Two methods were 
undertaken to overcome the diffi- 
culty. First, a wind-driven, gear- 
type propeller-pump was located 
sufficiently low on the landing- 
gear strut that the pump would 
be submerged at all times, thus 
eliminating the necessity of lift- 
ing the fuel from the tank. From 
this pump, the fuel was deliv- 
ered to the Quadruplex sylphon 
pump and then to the engine. 
The second effort was more to 
secure a compact pump-unit and 
was made by constructing a 
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tween the carbureter and the engine. The latter system 
is used mainly with the geared-type supercharger and 
will not be discussed in this paper. With the exhaust- 
driven supercharger, the pressure system is employed 
which subjects the carbureters to the pressures deliv- 
ered by the supercharger at all times. This requires 
the use of an internally vented carbureter with no at- 
mospheric opening or bleeds. Fortunately, this was 
provided in the Zenith type carbureter that was avail- 
able at the beginning of the supercharger development 
and is common to all carbureters now used in the Air 
Corps. The carbureter must possess sufficient strength 
to withstand the pressure and be provided with leak- 
proof glands and gaskets at all joints, throttle shafts 
and mixture controls, and idle adjustments to prevent 
the fuel-air mixture and fuel from leaking out when 


suction 


| the internal pressure is greater than the atmospheric. 
Although the majority of carbureter problems have 

been overcome, the necessity for automatic mixture or 
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indicated that the center-section plate-type radiator was 
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The radiator was then provided with a pressure valve 
that was set at 5 Ib. per aq. in. pressure 
operated relief valve if the automatic valve failed to 
function. The latter was mounted on the top of the 
radiator and the former was fitted to the bottom with a 
control in the cockpit. The object in making a sealed 
system was to raise the boiling point of the cooling 
medium by increased pressure. Although this reduced 
the loss of cooling water, the cooling system continued 
spouting water vapor at rather definite altitudes at 
intervals of about 5000 ft. This characteristic is still 
noted in present-day water-cooled systems. 

In conjunction with this system, provision was also 
made to include an automatic air-intake valve of the 
ball-and-spring type to eliminate the possibility of 
collapsing the radiator in case the engine stopped at 
altitude and the radiator cooled rapidly. The vacuum 
established under these conditions could and did, on a 
number of occasions, collapse the radiator when the 
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freezing. This 
valve, when used 
at the proper 
time, was of con- 
siderable value. 
However, as 
soon as a pres- 
sure in excess 
of normal would 
be indicated on 
the pressure dial 
t he operators 
would use this 
valve as a pres- 
sure release, 
thus decreasing 
the water sup- 
ply. The valve 
was finally aban- 
doned, and the 
radiators were 
made stronger 
to withstand 
greater pres- 
sures and a lim- 
ited amount of 
freezing. 

With the cool- 
ing-system prob- 
lems apparently 
well in hand, 
new _ radiators 
were  construc- 





Fic. 6—HONEYCOMB-TYPE AIR-COOLER 


Although the Cooling Was Not as Good as 


ted incorporat- with the Tubular Type, This Cooler Im- 
‘ proved the Visibility Somewhat, but Did 
Ing all of the Not Provide Sufficient Clearance for Ma- 
desirable fea- chine Guns 


tures. The ra- 

diator was suspended directly below the fuselage with 
an expansion tank mounted on top of the engine. Tests 
with this type of radiator were very successful, and 
incidentally mention should be made that this was the 
forerunner of the development of the tunnel-type 
radiator. 

To overcome the periodic blowing off of water vapor 
in the air, the location of the expansion tank was 
changed several times, being mounted directly on the 
engine and in various locations in the upper wing, al- 
though none solved the problem. An expansion tank 
was constructed in which only the surplus supply of 
water was maintained, the main supply being delivered 
to the radiator directly from the engine, and this 
scheme improved this situation. 

From these experiences, a cooling-system filler was 
developed. In addition to providing a means for filling 
the unit, it included a valve for releasing excessive 
pressures and a valve for admitting atmospheric air if 
a@ vacuum is established in the cooling system. The 
filler unit is now being used on all liquid-cooled in- 
stallations. 


Supercharger Air-Intercoolers 


With the installation of the turbo supercharger in 
the LaPere airplane, no provisions were made for cool- 
ing the air leaving the compressor, although a very rea- 
sonable assumption was that such a step would be neces- 
sary for satisfactory engine performance. The only 
cooling afforded was that from the latent heat of va- 
porization of the fuel, the temperature of the air en- 
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tering the carbureters at altitudes ranging from 200 to 
240 deg. fahr. The high temperatures were not en- 
tirely due to the compression of air but can be ex- 
plained by the proximity of the compressor and nozzle 
box. 

The air cooler, Fig. 5, was then constructed by the 
General Electric Co. of forty-two °4-in. outside-diameter 
steel tubes welded into two steel plates 3/16 in. thick, 
with a total cooling area of 21.5 sq. ft. A special header 
was used to connect the two downdraft carbureter-air 
intakes. The reduction in temperature was immedia- 
tely effective and resulted in a considerable improve- 
ment in performance. 

Aithough the tubular-type intercooler was abandoned 
in favor of the honeycomb type, the former gave much 
better cooling per square foot of surface than the latter, 
probably because of the better air-flow around the tubes. 
The tubular intercooler was abandoned since it de- 
stroyed visibility, interfered with machine-gun installa- 
tion and was heavy. 

A honeycomb-type cooler, Fig. 6, was constructed 
which contained a cooling surface of 55.5 sq. ft. This 
cooler was also mounted on the top of the engine and 
improved the visibility somewhat but did not provide 
sufficient clearance for machine guns. The weight of 
the honeycomb cooler varied from 35 to 40 lb., and to 
reduce the weight, a cooler was constructed of dura- 
lumin. Much trouble was experienced in working this 
material, as the method used was to brush the material 
with a wire brush and to tin, before the soldering could 
be accomplished. The life of the cooler was very short 
and the saving in weight was only slight, so this type 
was abandoned. 

The location of the supercharger was, at this time, 
changed to the side of the engine with the installation 
made on a Packard 1237 engine, Fig. 7, and the cooler 
was located directly beneath the engine. The cooler 
contained approximately 36 sq. ft. of cooling area and 
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Fic. 7—HONEYCOMB-TYPE AIR-COOLER AND SIDE-TYPE Su- 
PERCHARGER INSTALLED ON A PACKARD 1237 ENGINE 


In This Installation the Air-Cooler Was Located underneath the 
Engine and Weighed 26 Lb. as Compared with between 
40 Lb. for the Design Illustrated in Fig. 6 
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Fic. 8—FLAT-TUBE TYPE OF AIR-COOLER 
This Cooler Has 62 Sq. Ft. of Surface, as Compared with 21% 
Sq. Ft. for the Tubular Type (Fig. 5), 55% Sq. Ft. for the 
Honeycomb Type (Fig. 6) and 36 Sq. Ft. for the Improved 
Honeycomb Type (Fig. 7) and Is Interchangeable with the Last 


Type 


weighed 26 lb. Although the temperatures were not 
high enough to affect the engine performance seriously, 
the pressure drop through the cooler was rather high. 
To reduce this, the tubes were increased in width across 
the hexagon from 0.313 to 0.323 in., which improved 
conditions materially. 

A flat-tube air-cooler, Fig. 8, was constructed. How- 
ever, as yet, this type has not been proved. This cooler 
has 62 sq. ft. of cooling area and is interchangeable 
with the standard honeycomb-type. The results of one 
flight-test were unsatisfactory, not from the cooling 
ability of the cooler, but from mechanical construction. 

Curves, which are reproduced in Fig. 9, show the 
effectiveness of the intercooler in lowering the tem- 
perature of the air leaving the compressor to a reason- 
able temperature for entrance to the carbureters. From 
these curves the air temperature entering the carbure- 
ter is seen to be maintained practically constant up to 
the ceiling of the airplane, although the compressor 
discharge temperature gradually increases to 100 deg. 
cent. (212 deg. fahr.). In addition to the coolers shown, 
other types have also been designed and constructed, 
which, however, were limited in their cooling charac- 
teristic, and abandoned. The weight and size of the 
cooler, as well as the means of placing it in the system 
between the compressor and carbureters, has heretofore 
made all installations appear rather ungainly, and no 
doubt has decreased the airplane performance. Fig. 10 
shows an installation in which the cooler design was 
radically changed. The cooler tubes are placed at an 
angle to the air stream and provided with a tunnel for 
directing the air-flow through the tubes. This type 
has proved very effective and aids materially in main- 
taining the symmetrical lines of the airplane. An ex- 
tensive investigation is in progress at present to effect 
maximum cooling of the compressor during compres- 


sion as a means of reducing or eliminating entirely the 
need for the cooler. 


Nozzle Boxes and Manifolds 


After a few flights had been made in the La Pere 
airplane, it became apparent that the following nozzle- 


box and exhaust-manifold problems would have to be 
solved: 


(1) Distortion due to heat 


(2) Method of joining the manifolds with nozzle box 

(3) Methods of cooling both the nozzle box and tur- 
bine wheel 

(4) Provisions for expansion and contraction of 
nozzle box and manifolds in flight 

(5) Distortion due to shrinkage when removed from 
engine 

(6) Method of making the joint between the exhaust 
flange and manifold leakproof 


Mounting the supercharger directly in front of the 
cylinders and to the rear of the propeller with the com- 
pressor casing directly in the air blast from the pro- 
peller rendered securing any sort of cooling for the 
turbine and nozzle box almost out of the question, which 
resulted in warping of the nozzle diaphragm and box. 
Provisions were made to air-cool the wheel and nozzle 
box by an air baffle located directly behind the com- 
pressor with the scoop of the baffle directed into the 
slipstream. The air was forced from the center of the 
turbine wheel and passed radially therefrom, finally 
mixing with the exhaust gases and passed out through 
the exhaust chamber. The volume of air thus obtained 
was inadequate and a number of types of baffle were 
constructed with no additional success in cooling. 

Efforts to secure exhaust-system temperatures in 
flight were made but invariably some difficulty would 
affect the results and none were considered satisfac- 
tory. From ground tests, the temperatures of the tur- 
bine wheel varied from 1300 to 1500 deg. fahr., the 
nozzle ring from 1200 to 1400 deg. fahr. and the ex- 
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Fic. 9—COMPRESSOR-DISCHARGE AND CARBURETER-AIR-TEM- 
PERATURE CURVES FOR THREE FLIGHTS 

These Are for a Typical Pursuit-Type Airplane and Show That 

While the Carbureter-Air Temperature Is Maintained Practically 

Constant Up to the Ceiling of the Airplane, the Compressor-Dis- 
charge Temperature Gradually Increases 
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haust gases after passing through the wheel were from 
1000 to 1100 deg. fahr. 

No provision was made for staying the original mani- 
folds; however, the nozzle box was provided with stays 
running from the nozzle diaphragm to the rear of the 
box. By this arrangement the warping of the ring 
nozzle was reduced, although occasionally one of the 
stays would burn off and permit warping of the ring 
and allow the turbine wheel to rub. These manifolds 
were discarded upon completion of the Pikes Peak test 
and the set shown in Fig. 11 was constructed for flight 
test. -Both the nozzle box and manifolds were amply 
provided with stay bolts and corrugated for expansion 
and contraction. These parts were constructed of car- 
bon steel and were used during all of the flights with 
the Form A supercharger. The great number of stays 





Fic. 10—HONEYCOMB-TYPE AIR-COOLER WITH DIAGONAL 
TUBES 
In This Design the Tubes Are Located at an Angle to the Air 
Stream and Have a Tunnel To Direct the Air-Flow through Them. 
Effective Cooling Is Provided and the Symmetrical Lines of the 
Airplane Are Maintained 


in the nozzle box held the unit in fair condition, but 
because of the large size of the unit, the ends had a 
tendency to warp, burn off the stays and crack. An- 
other set was constructed with provision for expansion 
and contraction by corrugating and carburized. This 
was an improvement but they were not satisfactory. 

In reviewing the difficulties with the nozzle boxes 
and manifolds, the decision was reached that consider- 
able trouble was caused by the size of the parts, and 
with this in view an entirely new nozzle box and mani- 
folding system was constructed. Although some ques- 
tion arose as to the feasibility of reducing the mani- 
fold area, additional strength was provided by the use 
of a round section. The manifold-flange clamp which 
was very difficult to assemble was discarded. In place 
of using the flange for assembling the manifolds and 
nozzle box, a slip joint and band clamp were provided to 
increase the flexibility. Further efforts were made to 
eliminate the warping in the nozzle diaphragm by pro- 
viding a support plate, which was welded to the rear 
of the nozzle box and bolted to the water-header outlets 
of the engine. Some additional improvement was noted 
but the assembly was too difficult. 

During this period, various metals were used in the 
construction of the nozzle box and manifolds, including 





Fic. 11—EXHAUST MANIFOLD WITH CORRUGATIONS To AL- 
LOW FOR EXPANSION AND CONTRACTION 
Some Trouble Was Experienced in This Design as the Ends 
Tended To Warp, Burn Off the Stays and Crack. Carburizing 
Eliminated Oxidation and Burning, but the Design Was Still 
Unsatisfactory 


carbon, tungsten and stainless steels. The last two were 
somewhat more satisfactory than the carbon steel, but 
the high cost and difficulty in machining and welding 
prohibited their use on production units. Efforts to 
eliminate oxidation and breaking were made by plating 
and heat-treating the parts. 

Although the improvements outlined above overcame 
much of the trouble, the fact was becoming more and 
more evident that the location of the supercharger be- 
tween the propeller and the engine and the position of 
the nozzle box were unsatisfactory from the viewpoint 
of securing sufficient cooling of the nozzle box and tur- 
bine wheel. To overcome these defects required not so 
much a gradual improvement of parts as a radically new 
design. The result was the side-type supercharger lo- 
cated on the side of the airplane with the compressor 
casing next to the engine and the nozzle box exposed 
to the slipstream of the propeller blast. Locating the 
nozzle box between the compressor casing and the tur- 
bine wheel permitted the exhaust gases passing through 
the wheel to go directly to the open air. The nozzle box 
and manifolds were of circular cross-section and hook 





Fig. 12—-F1RST INSTALLATION OF THE SIDE-TYPE TURBO- 
SUPERCHARGER 


This Installation, a Form F Supercharger on a Packard 1237 


Engine, Was Made in a DH-4 Airplane, and Was Satisfactory 
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bolts were provided for attaching the manifolds to the 
engine. Slip joints and band clamps are used for join- 
ing the manifolds and nozzle box together. The first 
installation of the Form F side-type supercharger made 
on a Packard 1237 engine in a DH-4 airplane, Fig. 12, 
was very successful, the manifolding and nozzle box 
requiring no attention during more than 60 hr. flying 
time and the principle was applied to the Liberty engine. 

A number of Liberty installations were placed in ser- 
vice and, aside from oxidation and an occasional leak 
through the band clamps, no other troubles from the 
exhaust system have been encountered. Although the 
slip joints and band clamps have functioned well, the 
method cannot be considered entirely satisfactory, es- 
pecially from the viewpoint of service. 

A set of manifolds was constructed of carbon steel 
and copper-hydrogen plated which was very good in 
so far as oxidation was concerned. The nozzle box was 
also copper-hydrogen plated but excessive scaling oc- 
curred in the nozzle-ring section. 

The nozzle-diaphragm section used on all of the earlier 
models was of the horseshoe type, Fig. 13, having a 
nozzle section of approximately 270 deg. with the open 
section as a cooling are for the turbine wheel. In this 
design, the gas inlet was at the top center. Thus, the 
entering gases would flow to both ends of the horse- 
shoe, compelling the gases on one side to make a com- 
plete reversal to enter the nozzles. The first step to 
improve the performance was constructing a scroll 
nozzle-box with the gases all flowing in one direction 
with provision for the cooling arc between the inlet and 
the end of the scroll. Because of the limitation of 
bucket height and the need for additional nozzle-area, 
the development of a 360-deg. nozzle-section without 
cooling was undertaken. This nozzle box was of the 
scroll type with provision for maintaining a continuous 
flow throughout the 360 deg. by joining the small end 
of the scroll to the nozzle-box gas-inlet. The 360-deg. 
nozzle-section has been flight tested and found to be 
practical. All units now under construction incorporate 
this feature and, in addition thereto, are provided with 
tangential inlets. Materials and design have continued 
to improve so that difficulties with nozzle box and nozzles 
have been reduced to the minimum. When designing a 
supercharger for varying altitudes, insufficient nozzle- 
area at the greater altitudes, which may be explained 
by the increased specific-volume of the exhaust gases, 
the nozzle shape and choking of the wheel, was some- 
times found. To overcome this difficulty, a type was 
built, Fig. 14, with a 360-deg. nozzle-box in which pro- 
vision was made for varying the number of effective 
nozzles. The nozzle box is divided into three sections 
with a control for each section arranged so that only 
one control is needed. Flight test was made but me- 
chanical problems prevented obtaining sufficient data to 
prove the performance of this device. 


Turbine Buckets 


During the flight tests of the Form A supercharger, 
very little trouble with the turbine buckets was experi- 
enced, which can be accounted for by the fact that 
neither the engine nor the supercharger was operating 
at maximum speed and a large quantity of fuel was 
used. The low wheel-speed reduced the stresses caused 
by centrifugal force and the increased fuel-consumption 
reduced the temperature of the exhaust gases. How- 
ever, with higher speed and increased performance, 


bucket failures became common. Using rich mixtures 
to prevent failures was not desired, but it did prevent 
trouble and was used at various times in the early 
development. When the fuel-air ratio was reduced, the 
buckets at once stretched and failed. Some buckets were 
elongated as much as 3/16 in., as is seen in Fig. 15. 
The average life of six early turbine wheels was 7% hr. 
The factors instrumental in causing these failures 
may be classified as follows: 
(1) Crowding of the bucket shrouds due to difference 
in expansion between the turbine blank and 
rim of the buckets 
(2) Forging flaws in the buckets 
(3) Centrifugal stresses in conjunction with high 
operating-temperatures 


The crowding of the bucket shrouds was checked 
mathematically by the General Electric Co. and the 





Fic. 13—HORSESHOE-TYPE NOZZLE-DIAPHRAGM 


The Nozzle Section Was Approximately 270 Deg. and the Open 
Section Served as a Cooling Arc for the Turbine Wheel. The Gas 
Inlet Was at the Top and the Gas Flowed to Both Ends of the 
Horseshoe, Thus Compelling the Gases on One Side To Make a 
Complete Reversal before Entering the Nozzles 


conclusion reached that this had little effect. That an 
occasional failure from forging cracks will occur is to 
be expected since some cracks are not apparent until 
the wheel has been operated at maximum temperatures 
for some time, although by careful inspection they can 
be reduced to the minimum. 

To determine the effect of centrifugal force and tem- 
peratures of the gas in which the buckets operate, a 
series of night tests was run, during which the car- 
bureter mixture was regulated by the mixture control. 
From these tests, the necessity of lowering the tem- 
perature of the exhaust gases and either decreasing the 
rotational speed of the turbine or reducing the weight 
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of the buckets was apparent. A decrease in the exhaust- 
gas temperature would reduce the energy available in 
the gas and necessitate some method of cooling and a 
reduction of the speed would lower the pressure ratio 
of the compressor. Therefore, the possibilities remain- 
ing were to reduce the weight of the buckets as much 
as possible, obtain a more satisfactory bucket material 
or provide more cooling of the turbine wheels. A num- 
ber of experiments was made with reduced and elimi- 
nated bucket shrouds, but because of reduced perform- 
ance this method was abandoned. 

At this time the supercharger was relocated on the 
side of the engine with an overhanging turbine wheel 
and the nozzle box between the turbine and the com- 
pressor case. The satisfactory results with the buckets 
may be explained by the fact that the displacement of 
the Packard 1237 engine was much less than the Liberty 
and the temperature of the buckets depends to a great 
extent upon the volume of exhaust gases. With the 
installation of the side-type superchargers on the Lib- 
erty engines, efforts were made to operate the wheels 
at normal fuel-flow and, as soon as they were placed 
in service, it was found that the fuel flow would again 
have to be increased to prevent bucket failures. This 
practically overcame necking in the buckets, although 
failures occurred due to improper supercharger opera- 
tion. Apparently a metal that would withstand higher 
operating-temperatures was necessary, and with this in 
view, tests on three alloys were conducted, Silchrome 
No. 1, high-nickel steel and an iron-base alloy. 

The test was conducted on a Form F supercharger 
on a standard Liberty engine. The supercharger in- 
stallation was standard except that the compressor im- 
peller was removed to reduce exhaust back pressure and 
engine difficulties, chiefly exhaust-valve burning, re- 





Fic. 14—A 360-DrEG. NOZZLE-DIAPHRAGM FOR VARYING THE 
EFFECTIVE NOZZLE-AREA 


This Design Is Intended To Overcome the Difficulty of Insufficient 
Nozzle-Area at Great Altitude Resulting from Increased Specific- 


Volume of the Exhaust Gases, the Nozzle Shape and Choking of 


the Wheel 








Fic. 15—AN EXAMPLE OF TURBINE-BUCKET FAILURE 
Higher Speeds and Increased Performance Were Responsible for 
Many Bucket Failures in the Early Stages of Supercharger De- 

velopment, Some Buckets Being Elongated as Much as 3/16 In. 


sulting from high exhaust pressures. To reproduce nor- 
mal operating-conditions only necessitated reproducing 
the operating speeds or centrifugal loads and tempera- 
tures and these conditions could be maintained satisfac- 
torily without the impeller. The carbureter air was 
taken directly from the atmosphere in the normal way 
without passing through the compressor or air cooler. 
The problem of measuring the speed of the turbine 
wheel which was 23,000 r.p.m., was solved by using a 
stroboscope consisting of a motor-driven steel disc with 
15 radial slots. The turbine wheel was painted black 
with a single radial gold stripe. Then, with the stro- 
boscope rotating at 3066 r.p.m., a single diametral gold 
line appeared on the turbine wheel at 23,000 r.p.m. when 
viewed through the stroboscope slots. The turbine speed 
was controlled by regulation of the back pressure by the 
waste gate. The back pressure corresponding to the 
test speed was maintained throughout the test and the 
speed checked occasionally by the stroboscope. To meas- 
ure exhaust temperature, an iron-constantan thermo- 
couple was mounted in the dome of the exhaust mani- 
fold and connected to a potentiometer. The temperature 
was controlled by the amount of spark advance. 

The cold tensile-strengths of the Silchrome No. 1, 
nickel-base alloy and iron-base alloy were 208,000, 110,- 
000 and 140,000 lb. per sq. in. respectively and at a 
temperature of 1500 deg. fahr., the tensile strengths 
were approximately 8450, 22,500 and 25,000 lb. per sq. 
in. respectively. The Silchrome No. 1 steel buckets were 
badly stretched after 8 hr. and the nickel-base-alloy 
buckets failed after 16% hr., while the iron-base-alloy 
buckets showed no signs of failure at the end of 35 hr., 
except for one which was of another material. The 
iron-base-alloy buckets have been in service for a num- 
ber of years, with a complete absence of failures from 
this source, and have permitted specific fuel-consump- 
tions comparable to those employed in unsupercharged 
engines. 

No serious lubrication problems were encountered in 
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Fic. 16—TWwo-SPEED ENGINE WITH MEANS FOR SHIFTING 
GEARS IN FLIGHT 
For Take-Off the High Gear-Ratio Was Used and at Approxi- 
mately 10,000 Ft. a Shift Was Made to the Low Gear-Ratio with- 
out Resorting to a Clutch or Other Disengaging Mechanism 


the original nose-type supercharger. Oil was supplied 
by the engine, with suitable drains from the super- 
charger bearings, which were of babbitt. With this 
arrangement, a slight leakage of oil into the compressor 
occurred at all times, although it was not sufficient to 
cause any difficulty from the oil entering the engine 
cylinders with the air and fuel. Although the opera- 
tion could be considered fairly satisfactory, depending 
on the engine for oil was not a good plan, and with this 
in view, ball and roller bearings were installed in the 
side-type supercharger with a self-contained lubricating 
system using grease in place of oil. This was under- 
taken in the face of information that grease-packed 
ball and roller bearings would not stand up at speeds 
as high as 30,000 r.p.m., but this problem, however, was 
solved by providing a means for the release of all grease 
above a fixed level. In addition to this, vents and oil 
packing-rings were included to prevent the grease from 
being lost out around the shaft. This system has been 
very satisfactory and is incorporated in all of the late 
turbo superchargers. 

Prior to the Packard 1237 supercharger installation, 
all engines flown were equipped with battery ignition, 
but in this installation magnetos were used and diffi- 
culty was encountered. The trouble would appear at 
above 20,000 ft. with a miss in the engine, which finally 
completely cut-out, but after descending to lesser alti- 
tudes the engine would again pick up and function sat- 
isfactorily. Finally the magnetos were removed and 
investigation disclosed that arcing had occurred at the 
safety gap and further investigation revealed arcing at 
numerous points. 

A magneto was placed in a sealed chamber and 
driven by a small electric motor with the spark-plugs 
screwed into a bomb in which a pressure of 90 lb. per 
sq. in. was maintained. The pressure in the chamber 
was gradually reduced until at an altitude of 5000 ft. 
the spark arced across the magneto safety-gap, which 
was at its normal setting of 7/16 in. The gap was 
widened to about 1 in. and the altitude raised to 16,000 
ft. The spark then jumped from the plug terminals to 
the spark-plug shell. 

The porcelain plugs were replaced by others having 
mica insulation, and at 23,700 ft. the plugs began to 
miss and the spark jumped intermittently across the 
safety gap. At 24,000 ft. the plugs cut-out entirely and 
the spark arced across the safety gap, and from one 
terminal of the gap to the magneto frame. The gap 


points became white hot and the bakelite insulation 
started to burn. The altitude was then lowered slowly 
and at 23,000 ft. the plugs again fired normally. 

With the experience gained in these experiments, two 
magnetos were completely overhauled and protected by 
additional insulation. They were placed in the test 
chamber and tested to 28,000 ft. without missing. At 
this height, the test was discontinued to avoid possible 
damage to the magnetos. 

The magnetos that were reworked were placed in 
service and the performance was increased to altitudes 
of over 30,000 ft. However, the airplane ceiling was 
limited and the exact altitude at which the magnetos 
would again break down was never ascertained. 

The ordinary aviation magneto is not suitable for use 
with a supercharged engine, because the resistance 
across the spark-plug gaps under supercharged condi- 
tions remains practically constant, while the resistance 
of various air-gap insulations throughout the magneto 
decreases with altitude. This, of course, applies equally 
well to battery systems which have been used success- 
fully on supercharged engines. However, with this sys- 
tem the voltage is considerably lower and only one part 
in the system offers an air gap across which a spark 
could jump. This gap is wide enough to prevent spark- 
ing at any altitude at which airplanes are flown. 

The possibility of supercharging the magneto was 
considered. However, this appeared to be only a tem- 
porary means of overcoming the magneto problem, and 
the development of a suitable magneto for great-alti- 
tude supercharging was initiated. The double magneto 
now in use has been developed for supercharger use and 
has been very satisfactory. 


Propellers 


The problem of a satisfactory propeller is one that 
has not been completely solved, although rapid ad- 
vances are being made. Not having a suitable propeller 





Fic. 17—LATEST TYPE OF AUTOMATIC SUPERCHARGER REG- 
ULATOR 


One of the Diaphragms Is Exhausted, with a Spring on the In- 
side, To Act as a Pressure Standard, and the Other Is Connected 
to the Induction System. A Pivoted Arm between the Two 
Operates a Small Bleeder Valve That Maintains or Releases 
Engine Oil-Pressure on a Servo Piston Regulating the Waste Gate 
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has masked the value of supercharging in that any fixed- 
pitch propeller sacrifices airplane performance at the 
lesser altitudes. 

For example, with the unsupercharged engine, the 
propeller is set so that the maximum speed is obtained 
in level flight near the ground, and as the airplane 
ascends the engine speed decreases slightly, since the 
power developed decreases faster than the density. 
However, if the same propeller were used with an en- 
gine equipped with a supercharger where practically 
sea-level power is maintained to 20,000 ft., the engine 
speed at altitude would be excessive. Equipping a su- 
percharged airplane with a propeller that will permit 
the engine to reach its maximum revolutions per minute 
only at the rating of the supercharger has been neces- 
sary and has resulted in decreased performance at the 





FIG. 


18—SIDE VIEW OF A RECENT PURSUIT-AIRPLANE IN- 


STALLATION 


lesser altitudes. Considering that the normal super- 
charged engine is operating at its maximum speed and 
power at sea level, the decrease of from 400 to 600 
r.p.m., because of a larger-diameter propeller when 
equipped with a supercharger, should apparently de- 
crease the airplane performance proportionately. This 
is not true because the larger-diameter propeller is op- 
erating more efficiently, so the loss in airplane speed is 
less than the low engine-speed would indicate. This loss 
could be readily overcome by ground boosting, but this 
is not common practice as yet. 

At the time of starting supercharger development, 
the development of the controllable-pitch propeller was 
also undertaken. Mechanical limitations, however, re- 
tarded this development, and although work was con- 
tinued, other means were undertaken to provide a suit- 
able combination of gearing for varying the speed of 
the propeller in relation to engine speed in flight. Fig. 
16 shows the Liberty engine with a new crankcase to 
incorporate the reduction gearing, which was used in 
these tests. Two speeds were used and the shift from 
one set of gears to the other was accomplished without 
a clutch or other disengaging mechanism. For take-off, 
the high gear-ratio was used and the change to the low 
gear-ratio made at approximately 10,000 ft. This ar- 
rangement has some possibility as an extreme measure, 
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19—SIDE VIEW 


FIG. OF AN EARLY 


STALLATION 


PURSUIT-AIRPLANE IN- 


but in this case the low gear-ratio was not satisfactory, 
since the speed of the engine was so low that the quan- 
tity of exhaust gases was insufficient to operate the 
turbo supercharger fast enough to maintain sea-level 
power in the engine. This method has been laid aside 
because of the number of controllable-pitch propellers 
that are being developed, although it may still have a 
future. 
Automatic Regulators 


Since the turbo supercharger requires constant at- 
tention by the pilot to maintain proper carbureter pres- 
sure, the need for an automatic regulator was soon 
realized. A solenoid-operated, electric servo-motor type 
and two air-pressure devices were considered and 
dropped for various reasons. Finally the device shown 
in Fig. 17 was developed and is now in use. 

One of the smaller diaphragms is exhausted, with a 


) 








Altitude ft. 














PEE 


5 10 5 os 2 S&S 
Time, min 

0 200 4C) 600 800 1000 1200 1400 1600 1800 2000 2200 

Rate of Climb, ft. per min 





Fig. 20—-CURVES OF TIME AND RATE OF CLIMB FOR A TYPICAL 
PURSUIT-AIRPLANE 


In the Supercharged Airplane the Rate of Climb Is Less 
than for the Unsupercharged Airplane Up to 4000 Ft. This Is 
because the Fixed-Pitch Propeller Permits the Engine To Attain 


Its Normal Speed Only at the Rated Altitude of the Supercharger 
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spring on the inside, to act as a pressure standard, and 
the other is connected to the induction system. Between 
the two is a pivoted arm for operating a small bleeder 
valve for maintaining or releasing engine oil-pressure 
on a servo piston, that regulates the waste gate. As the 
airplane ascends, the carbureter pressure decreases and 
the exhausted diaphragm expands, closing the bleeder 
valve which builds up engine oil-pressure on the servo 
piston and tends to close the waste gate. Then the car- 
bureter pressure increases which tends to open the 
waste gate and reduce the turbine speed and the car- 
bureter pressure. 

Maneuvers were practically out of the question until 
this regulator was developed, because of the speed and 
flexibility of the turbo supercharger. Acceleration tests 
made at 10,000 ft. showed that when flying level with 
the supercharger off and then closing the waste gate, 
the time required to obtain sea-level pressure was less 
than 3 sec. The pressure control now used is suffi- 
ciently sensitive to maintain the supercharger pressure 
within a very narrow range regardless of altitude. This 
device has given new impetus to turbo-supercharger de- 
velopment because the control required so much of the 
pilot’s attention at one time that the supercharger was 
thought to have no military value. 

Many installations and flight-tests were made to de- 
velop serviceable applications with a tendency toward 
pursuit-airplane installation. A comparison between 
the latest-type installation, illustrated in Fig. 18, and 
an earlier application, shown in Fig. 19, indicates the 
changes made. Fig. 20 gives the rate of climb and time 
of climb for a typical pursuit-airplane with and without 
a turbo supercharger. As will be observed, the rate of 
climb with the supercharged airplane is slightly less 
than the unsupercharged airplane up to approximately 
4000-ft. altitude. This is accounted for by the fact that 
the fixed-pitch propeller permits the engine to attain 
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SPEED CURVES OF A TYPICAL PURSUIT-AIRPLANE IN 
CLIMB AND LEVEL FLIGHT 
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Fig. 22—CURVES SHOWING THE RELATION OF NOZZLE-Box 
AND CARBURETER PRESSURES AND THE PRESSURE DROP 


THROUGH THE INTERCOOLER 





normal speed only at the rated altitude of the super- 
charger. The curve to the extreme right shows the per- 
formance when boosting about 4 in. above sea-level 
pressure. 

The effect of the propeller is also apparent in Fig. 
21, which shows airplane speed in climb and level flight 
for both the supercharged and unsupercharged airplane. 
Fig. 22 shows the relation of nozzle box to carbureter 
pressure and the drop in pressure through the inter- 
cooler. From these curves, the carbureter pressure is 
seen to be practically the same as the nozzle-box pres- 
sure, and when the pressures shown in curve marked 
“Drop through Cooler” are added to the compressor 
pressure, the total pressure delivered by the compressor 
is slightly higher than the nozzle-box pressure. In this 
case, the pressure at the exhaust ports is only slightly 
higher than the carbureter pressure. 


Study of Compressor and Turbine Efficiencies 


The gas turbine as a prime mover has received con- 
siderable attention in the last 30 or 40 years. This de- 
vice is unlike the turbo supercharger in that the power 
absorbed in compressing the fuel-air mixture to the 
high pressure required for efficient combustion leaves 
little energy for useful work. The turbo supercharger 
maintains the proper pressure of the air at the car- 
bureter inlet, permitting the engine to compress the 
fuel-air mixture, burn it within the cylinders and then 
supply the large volume of partially expanded gases to 
the supercharger turbine at a temperature at which 
they can be used without mechanical difficulty. Since 
the gases are partially expanded, the spouting velocity 
from the nozzles is not so high but that a reasonable 
turbine efficiency can be obtained without an excessive 
bucket velocity. 

Since the turbo-centrifugal supercharger has been 
under continuous development by the U. S. Army for 
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about 14 years, a theoretical study has been undertaken 
to show the most salient lines of attack for future 
improvement. These computations cannot make any 
claims for very unusual accuracy, since the assump- 
tions may be at considerable variance with the facts as 
they exist in the engine-supercharger combination. We 
believe, however, that the computations do show trends 
and obvious lines of attack for improvement, and with 
improved instrumentation that will soon be available, 
the assumptions may be changed to accord more nearly 
with experimental facts. The work of other investiga- 
tors has been carefully considered in making these 
studies. 

The assumptions on which the computations of both 


1.40 22) aml - 





| = > ) 










2 BORK —}—_+ —_+ : | | 

4 | 

= 1.36 }— 

2 

= 

B 344-4 

a. | 

W | | 

_ 1.32 + t—— 

4 j | | 

— 130-+-—+—_;—_+__+ | 
en 








i ae | | a a ee a ee eee 
0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 
Absolute Temperature, deg. fahr 
Fic. 23—-EXHAUST-GAS-DATA CURVE SHOWING THE VARIA- 


TION OF THE EXPONENT ” WITH THE TEMPERATURE 


compressor and turbine performance are made are as 
follows: 


Compressor 


(1) The pressure drop through the intercooler when 
maintaining sea-level pressure is 1.0 in. of 
mercury and 1.2 in. with 10 in. of mercury 
ground boost. The carbureter-pressure drop is 
1.5 in. of mercury when maintaining sea-level 
pressure and 2.0 in. with ground boosting. 

(2) The atmospheric pressures, temperatures and 
densities correspond to the tables given in 
National Advisory Committee for Aeronautics 
Report No. 218, entitled The Standard Atmos- 
phere. 

(3) The air compression taking place in the com- 
pressor follows the polytropic law, PV" = con- 
stant. 

(4) A well-designed aircraft engine requires 12.2 lb. 
of air per 100 b.hp. per min. If this assump- 
tion is in error, the efficiency computations will 
not be affected, since more or less air will be 
compressed, which will result in a direct pro- 
portional increase or decrease of the amount 
of energy in the exhaust gases. 


Turbine 
(1) The exhaust gas is composed of 13 per cent of 


carbon dioxide, 14 per cent of water and 73 
per cent of nitrogen, and the ratio of specific 
heats & varies in accordance with Fig. 23. The 
above assumptions are based on Goodenough’s 
work’. This exhaust gas assumes complete 
combustion without excess air. 

(2) Dissociation of the exhaust gases is negligible. 
This assumption is based on evidence given in 
a report of the Empire Motor Fuels Commit- 
tee‘ and may be explained by the relatively 
low temperature of the exhaust gases com- 
pared to the maximum temperatures existing 
in the cylinder. 





®See Tangent Method of Analysis for Indicator Cards of In- 
ternal-Combustion Engines, by P. H. Schweitzer. 


*See Proceedings of the Institution of Automobile Engineers, 
vol. 18, part 1. 
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Fic. 24—CURVES OF SUPERCHARGER HORSEPOWER REQUIRED 
To MAINTAIN SEA-LEVEL INTAKE-MANIFOLD PRESSURE AT 
VARIOUS ALTITUDES AND SUPERCHARGER EFFICIENCIES 


The Intercooler Pressure-Loss Is 1 In, of Mercury and That of 


the Carbureter Is 1.5 In. 


(3) The ratio of specific heats k at the temperature 
corresponding to the beginning of expansion 
remains constant throughout the expansion. 
This assumption is not strictly true, but, for the 
range of temperatures studied, the error in 
power available is of the order of 1 per cent. 

(4) The weight of exhaust gas per 100 b.hp. is 
13.12 lb. per min. This weight is the sum 
of 12.20 lb. of air and 0.92 lb. of fuel, which 
correspond to a fuel-air ratio of 0.075 lb. of 
fuel per lb. of air. 

(5) The gas constant R is computed by the summa- 
tion of the proportional R’s for each constitu- 
ent. 

(6) The expansion of exhaust gases follows the poly- 
tropic law. 


With the assumptions as a basis, the power required 
to drive the compressor at various altitudes, maintain- 
ing 29.92 in. of mercury manifold pressure, is shown by 
Fig. 24. The adiabatic horsepower was first computed 
by the equation: 
hp.=[n/(n—1)] [wRT,([P2/P:] [(m—1)/n]—1)]+33000 

By dividing the adiabatic horsepower by a compressor 
efficiency, the power required for any efficiency can be 
obtained. The horsepowers for 70, 60 and 50 per cent 
efficiency are shown on Fig. 24. The efficiency of a 
compressor is determined by the design of the entrance, 
impeller, diffuser shape and collector scroll and bearings. 

The value of T, has been assumed equal to the at- 
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Fic. 25—-SUPERCHARGER HORSEPOWER REQUIRED TO MAIN- 

TAIN AN ABSOLUTE MANIFOLD PRESSURE OF 40 IN. OF MER- 
CURY TO AN ALTITUDE OF 20,000 rT. 

Above That Point the Pressure Varies as the Density of the Air 

The Pressure Losses Are 1.2 In. of Mercury for the Intercooler 

and 2.0 In. for the Carbureter 
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Fic. 26—TURBINE POWER AVAILABLE AT VARIOUS INITIAL 

EXHAUST-TEMPERATURES, ASSUMING THAT THE EXHAUST 
Is AiR HAVING A CONSTANT SPECIFIC-HEAT 


mospheric temperature. The temperature of the air 
entering the compressor is in excess of this value be- 
cause of the proximity of the engine and supercharger 
nozzle-box and will vary depending upon the airplane 
cowling and general installation. This temperature 
should be maintained at the minimum because of the 
greater power required to compress heated air to a 
given pressure-ratio and the tendency of the heated air 
to reduce the weight of cylinder charge per stroke. The 
initial temperature of the air may, in some cases, be 
increased by dilution with exhaust gases. This is very 
objectionable for it not only has all the disadvantages 
of heated air but also dilutes the cylinder charge, re- 
ducing the weight of air burned per stroke still more. 

In addition to being able to maintain sea-level pres- 
sure to some altitude, the turbo supercharger can be 
used for ground boosting. If the engine, spark-plugs 
and fuel permit, the manifold pressure can be raised 
to an absolute pressure of 40 in. of mercury. Assum- 
ing that the supercharger is designed to maintain this 
absolute pressure to 20,000 ft. after which the manifold 
pressure varies as the atmospheric-air density, the 
curves shown in Fig. 25 will be obtained. Compared 
with Fig. 24, the power required for a given efficiency 
is considerably greater to 20,000 ft., but the difference 
gradually diminishes beyond this altitude to 28,000 ft., 
where the powers are the same. 

The use of this type of ground boosting is most valu- 
able when the highest performance from an engine is 
desired from the ground to some predetermined alti- 
tude, after which the power may gradually diminish. 

As a preliminary to the computations of the turbine 
output using exhaust gases composed of the products of 
combustion, a series of computations were made assum- 
ing the exhaust gases to be heated air with a constant 
specific-heat. The curves which are reproduced in Fig. 
26 show these results. Three initial temperatures were 
selected for these studies. The 1710 deg. fahr. corre- 
sponds closely to flight-test data reported by Schey and 
Young’, and the two other temperatures are 300 deg. 
fahr. above and below this figure. An increase of 300 
deg. in the initial temperature results in a 17 per cent 
gain in power available. This is in direct proportion 
to the absolute temperature. All of these curves are for 
a constant exhaust back pressure of 32 in. of mercury 
and the gain in power with altitude is accomplished by 
the decreasing atmospheric pressure. In this same chart 


5 See National Advisory Committee for Aeronautics Report No. 
255, entitled Comparative Flight Performance with an N.A.C.A. 
Roots Supercharger and a Turbo-Centrifugal Supercharger, by 
Oscar W. Schey and Alfred W. Young. 


is shown the final temperature of the gases after ex- 
pansion. 

The turbine power available was then computed on 
the basis of exhaust gas composed of the products of 
combustion with k varying with temperature, and curves 
of the results are plotted in Fig. 27. The power avail- 
able for this case is about 9 per cent greater than 
shown in Fig. 26 for air. 

At a constant initial temperature of 1710 deg. fahr., 
a study was made of the effect of increasing the initial 
pressure by 2 in. of mercury. At sea level, the power 
available was increased by 88 per cent; at 5000 ft., 23 
per cent; at 10,000 ft., 13 per cent; at 20,000 ft., 6 per 
cent, and at 35,000 ft. by only 3 per cent. In other 
words, increasing the pressure of the gases to the tur- 
bine by increasing the back pressure on the engine gives 
much more power at the lesser altitudes but is of dimin- 
ishing value as the altitude is increased. An increase 
in power could, with less detrimental effect on engine 
power, be obtained by an increase in the initial tem- 
perature, particularly at the greater altitudes if the 
machine will withstand the higher temperatures. As 
shown in Fig. 27, the power with the higher pressure is 
greater than the power obtained by a 300-deg. fahr. 
increase in initial temperature up to 8500 ft. Beyond 
this altitude, the power available from the increased 
temperature is far in excess of that obtained with the 
2 in. of mercury additional pressure. 

Since the power required to drive the compressor and 
the power available from the turbine are known, the 
efficiency of the turbine needed to drive the compressor 
can be determined. Since well-designed compressors 
may have an efficiency of 70 per cent, that value is as- 
sumed. Fig. 28 shows the turbine efficiencies required 
under the different conditions of pressure, temperature 
and exhaust-gas composition. 

For an exhaust-gas temperature of 1710 deg. fahr. 
absolute, the efficiency required by the turbine in no 
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Fic. 27—ANOTHER SET OF CURVES SHOWING THE TURBINE 
POWER AVAILABLE AT VARIOUS INITIAL EXHAUST-TEMPERA- 
TURES AND PRESSURES 
In This Case the Specific Heat Was Assumed To Vary with the 
Temperature, and the Power Available Was Approximately 9 Per 
Cent Greater than the Curves of Fig. 26 Where the Specific Heat 


Was Constant. The Initial Exhaust-Temperatures and Pressures 
for the Various Curves Are as Follows: 


Temperature, Pressure, In. 
Curve No. Deg. Fahr., Absolute of Mercury 
1 2,010 32 
2 1,710 34 
3 1,710 32 
4 1,410 32 
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Fic. 28—-CURVES SHOWING THE TURBINE EFFICIENCY NECES- 
SARY TO MAINTAIN SEA-LEVEL INTAKE-MANIFOLD PRESSURE 
WITH A COMPRESSOR EFFICIENCY OF 70 PER CENT 
The Temperatures and Initial Pressures for the Vurious Curves 

Are as Follows: 


Temperature, Pressure, In. 


Curve No. Deg. Fahr., Absolute of Mercury 
1 1,410 32 
2 1,410 32 
3 1,710 32 
4 1,710 32 
5 1,710 34 
6 2.010 52 
7 2,010 32 
Curves Nos. 2, 4, 5 and 7 Are for Exhaust Gas and Curves Nos. 


1, 3 end’6 Are for Heated Air. 


case exceeds 47 per cent if the exhaust gases are prod- 
ucts of combustion. All curves except the one for a 
higher initial-pressure have the same general shape, 
the necessary turbine efficiency at sea level and the 
greatest altitudes exceeding that for the intermediate 
ranges. For the 34 in. of mercury absolute initial pres- 


‘sure, a turbine efficiency at sea level of only 26 per cent 


is required, which would give a combined compressor- 
turbine efficiency of only 18 per cent. For the 1710 deg. 
fahr. exhaust-gas temperature and 32 in. of mercury 
absolute pressure, the combined compressor-turbine ef- 
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Fic. 29—-EFFECT ON BRAKE MEAN EFFECTIVE PRESSURE RE- 
SULTING FROM INCREASED INTAKE-MANIFOLD PRESSURE 

in This Test an Air Blast Which Was Similar to That En- 

countered in an Actual Flight Was Directed over the Intercooler 

and the Turbine. As a Result of the Restriction in the Exhaust 


System, the Brake Mean Effective Pressure Drops When the 


Supercharger Is Applied 
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ficiency at sea level is 33 per cent; at 20,000 ft., 32 per 
cent, and at 40,000 ft., 33 per cent. 

At altitudes less than 20,000 ft., a portion of the 
exhaust gases are wasted to the atmosphere through 
the waste gate. The greatest quantity is wasted at sea 
level, which is accounted for by the high temperature 
of the exhaust gases, the minimum of spilling over the 
wheel, an efficient design of nozzle for the low pressure- 
ratios and the minimum volume of expanded gases. 
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Fig. 30—CURVE SHOWING THE EFFECT ON THE SUPER- 
CHARGER-IMPELLER SPEED RESULTING FROM GROUND BOoost- 
ING 
In This Test the Engine Speed Was Kept Constant at 2400 
R.P.M. The Brake Mean Effective Pressure Increased Approxi- 
mately 5 Lb. per In. of Intake-Manifold Pressure 


Therefore, the efficiency of the turbine is greater than 
required at sea level but gradually decreases as the air- 
plane ascends. 


Effect on Engine Performance 


In all the computations, the effect of applying a turbo 
supercharger on the engine performance has_ been 
largely neglected. An efficient intercooler maintains a 
carbureter-air temperature which is low enough at all 
altitudes to prevent detrimental effects on engine per- 
formance (See Fig. 9). Since the carbureter and ex- 
haust pressures are tending to become more nearly the 
same with improvements in design, the engine per- 
formance is practically that at sea level. This holds 
true only so long as the pressures and temperatures are 
the same and the power falls rapidly with increased ex- 
haust pressure, decreased carbureter pressure or exces- 
sive air-temperature. 

To determine the performance of an engine with 
ground boosting, a dynamometer set-up was made in 
which an air blast was directed over the intercooler 
and turbine similar to that encountered in flight. At 
various engine-speeds and manifold pressures, the brake 
mean effective pressure was determined, the results be- 
ing plotted in Fig. 29. These curves show that the 
application of the supercharger causes a drop in the 
brake mean effective pressure as a result of the restric- 
tion in the exhaust and induction system. As soon as 
the turbine speed is increased, as shown by Fig. 30, 
the brake mean effective pressure increases rapidly at 
the rate of about 5 lb. per in. of manifold pressure. At 
39.3 in. of mercury absolute pressure and 2400 r.p.m., 
170.5 lb. per sq. in. brake mean effective pressure is 
obtained, and at 1800 r.p.m., 183 lb. per sq. in. 
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Pressure analyses of these tests are shown in Fig. 31. 
At 2400 r.p.m. the pressure losses through the exhaust 
lines, intercooler, carbureter-air duct and carbureters 
are large compared to those at 1800 r._p.m. This proves 
that these parts are too small and improperly designed 
for the larger volume of air and exhaust gases. At the 
lower speed and 40 in. of mercury absolute pressure, 
the compressor-outlet pressure is 1.0 in. of mercury 
greater than the exhaust-manifold pressure, which is 
only 0.4 in. of mercury greater than the intake-mani- 
fold pressure. These curves show that for ground 
boosting at the higher engine-speeds, great care must 
be exercised in the design of the attaching parts, and 
a complete redesign has been made which has been 
applied to the installation shown in Fig. 18. 

Although the fuel consumption is not shown for the 
ground-boost curves, a value of 0.56 lb. per b.hp. or 
less was obtained at the highest pressure. 


Conclusions and Future Developments 


From the development so far, the following conclu- 
sions are drawn: 


(1) The turbo supercharger is satisfactory for main- 
taining sea-level pressure at altitude on ser- 
vice-type equipment. 

(2) Tests indicate that the turbo supercharger can 
be used for extensive ground boosting if the 
engines, fuel, spark-plugs and carbureters will 
withstand the service. In the light of present 
knowledge, the indications are that for a given 
boost, the turbo-supercharger application re- 
quires better fuels and valves than the geared- 
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centrifugal application because of the higher 
final-charge temperature. 

(3) The supercharger is responsible to a large degree 
for the present high state of development of 
the internal-combustion engines for aircraft 
use, as well as all related equipment. 


Based on the present status of the turbo super- 


charger, the following future developments appear 
feasible: 
(1) Application to air-cooled engines 
(2) Better materials for higher temperatures 
(3) Improved disposal-system design to reduce pres- 
sure losses and improve installation 
(4) Improved compressor-inlet design to take ad- 


vantage of forward airplane velocity and sup- 
ply cooler air 

Investigation of divided exhaust-manifolds 

Combination of geared and turbo-driven instal- 
lations using common impeller 

Improved cooling during and after compression 

Multiple-stage compressors and turbines 

Improved method of control such as varying 
nozzle-area 

Means of maintaining highest possible exhaust 
temperature at nozzles 

Improved turbine efficiency to maintain exhaust 


back pressure less than the carbureter-air 
pressure 


We wish to express our appreciation to Major C. W. 
Howard, chief of the engineering section, Materiel Divi- 
sion, and Capt. E. R. Page, chief of the powerplant 
branch, for permission to present these data. 


(5) 
(6) 


(7) 
(8) 
(9) 
(10) 


(11) 
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Fic. 31—PRESSURE-ANALYSIS CURVES OF INDUCTION AND EXHAUST SYSTEM 


These Curves Are for Tests of a Typical Liquid-Cooled Engine Operating at 


2400 R.P.M. (Left) and 1800 R.P.M. (Right). At the 

Losses through the Exhaust Lines, Intercooler, Carbureter-Air Duct and Carbureters Are Large in Com- 

parison with the Corresponding Losses at the Lower Speed, Proving That These Parts Are Too Small and Improperly Designed for 

the Larger Volume of Air and Exhaust Gases. The Curves Also Emphasize the Necessity for Exercising Great Care 
the Attaching Parts for Ground Boosting at Higher Engine-Speeds 


Higher Speed, the Pressure 
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Bearing-Load Analysis and Permissible Loads as 
Affected by Lubrication in Aircraft Engines 


19th National Aeronautic Meeting Paper 


_ the rapid calculation of bearing loads in air- 
craft engines the authors have developed an 
analytical method that is described for the first time 
in the paper. This was derived from the long tedious 
graphical method that was formerly used and its 
accuracy is asserted to be sufficient for all purposes 
of engine design. 

Results of an analysis of the bearing loads in the 
Curtiss V-1570 Conqueror engine which were ob- 
tained by the graphical method are first presented in 
considerable detail. The Wright R-1750 Cyclone is 
next analyzed, the method that was employed not 
being as precise as that used for the other engine. 


difference of opinion is found, based in a large 

measure upon certain bearing-failures in the ex- 
perience of the individual. In most cases, the pro- 
cedure is to follow a course of empirical design, using 
as ample a factor of safety as the design will permit. 
This, while mainly successful, is not the true engineer- 
ing method. The proper course would appear to con- 
sist in careful analysis of many successful designs and 
determination of basic information that can, in turn, be 
applied to the new design. The purpose of this paper 
will be to present the results of analyses of the lead- 
ing aircraft-engines, together with graphical and ana- 
lytical methods of analyzing bearing loads. The ana- 
lytical method given is derived from the long, tedious 
graphical method and is presented for the first time in 
this paper. It enables bearing loads to be calculated 
quickly with sufficient accuracy for all engine-design 
purposes. 

The aircraft engine largely grew out of automobile- 
engine experience, but the loads imposed upon aircraft- 
engine bearings are very much more severe than those 
encountered in automobile engines, because of high out- 
put per cubic inch of displacement. Whereas the auto- 
mobile engine may be highly satisfactory with a peak 
brake mean effective pressure of 90 lb. per sq. in., the 
aircraft engine must, to keep the weight within bounds, 
develop a brake mean effective pressure of 115 lb. per 
sq. in. in the less efficient and smaller engines and about 
140 lb. per sq. in. in the larger units. When gear- 
driven superchargers are added, the brake mean effec- 
tive pressure can be increased to a maximum of about 
160 lb. per sq. in. with Fighting Grade fuel having an 
antiknock value of 87 octane. The available valves and 
spark-plugs impose a definite limit on brake mean ef- 
fective pressure, their performance being somewhat un- 
certain at outputs above 160 lb. per sq. in. The power 
required to drive the 10:1 supercharger in a Pratt & 
Whitney SR-1340 engine is about 25 hp., calculated 
from the pressure and temperature rise and the volume 
of air handled. At 75 per cent mechanical efficiency, 
this represents about 33 i.hp. added, and assuming a 
mechanical efficiency for the engine of 90 per cent, this 


4: subject of this paper is a field in which much 


1$.M.S.A.E.—Senior mechanical research engineer, materiel 
division, Air Corps, Wright Field, Dayton, Ohio. 

2 Assistant mechanical engineer, powerplant branch, materiel 
division, Air Corps, Wright Field, Dayton, Ohio 
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By Ford L. Prescott’ and Roy B. Poole? 


An application of the analytical method using em- 
pirical constants derived from a graphical analysis 
of various engines is also presented. Numerous illus- 
trations and tables supplement the text. 

Use of the pv factor as an index of carrying capac- 
ity is objected to by one discusser who stated that 
this factor is only an indicator of the quantity of 
heat generated in the bearing. While admitting the 
validity of this objection, one of the authors, in reply- 
ing, points out that since the pv factor does indicate to 
some extent how much heat is generated in a bearing, 
it, therefore, serves as a measure of the quantity of 
oil required to cool the bearing. 


increases the indicated mean effective pressure to 187 
lb. per sq. in. at 2200 r.p.m. This is to be compared 
with an indicated mean effective pressure of about 155 
lb. per sq. in. for the best unsurpercharged engines. 
When the turbo supercharger is used, the indicated 
mean effective pressure is about 178 lb. per sq. in. at 
160 lb. brake mean effective pressure. The obvious 
answer to high output would be the turbo supercharger, 
but here again the limitation is valves and spark-plugs. 
At 2400 r.p.m., a Curtiss V-1570 engine with turbo su- 
percharger develops 160 lb. brake mean effective pres- 
sure at an intake manifold pressure of 8 in. of mercury. 
The Pratt & Whitney R-1340 engine with geared super- 
charger develops 160 lb. brake mean effective pressure 
at about 7% in. of mercury manifold pressure. With 
an indicated mean effective pressure of 178 to 187 lb. 
per sq. in., reducing reciprocating and rotating weights 
becomes very difficult. Pistons are heavy to enable 
them to withstand the temperature conditions encoun- 
tered in service, calling for strength in connecting-rods 
to withstand larger inertia forces. 

The foregoing figures serve to show the conditions as 
to load and speed imposed by the best present designs 
upon the bearings of aircraft engines. While automo- 
bile engineers are searching for lighter rotating and 
reciprocating weights because their pv values at full 
power and speed reach as high as 40,000 lb-ft. per min., 
with average values in service of about 25 per cent of 
this, the aircraft-engine designer is successfully em- 
ploying pv values of 26,000 to 98,500 lb-ft. per sec., with 
average values of 75 per cent of the normal full-load 
values. The very high maximum value of 98,500 lb- 
ft. per sec. was attained in full-power dives from high 
altitudes by V-1150 engines in military airplanes. 
These engines are fitted with steel-backed babbitt-lined 
bearings. In the R-1340 engines, using steel-backed 
high-lead bronze-bearings, the normal mean bearing 
pressure on the crankpin is 1488 lb. per sq. in. with a 
pv value of 35,800 lb-ft. per sec. These engines have 
been dived at 3500 r.p.m. during which time the mean 
bearing pressure rose to 5160 lb. per sq. in. with a cor- 
responding pv value of 207,000 lb-ft. per sec. Should 
the throttle be closed or the engine cut out in diving, 
the pv would be 224,000 lb-ft. per sec., a value more 
than 300 times the 40,000 lb-ft. per min. previously 
referred to in automobile practice. 

Maximum unit-pressures and pv values that bearing 
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TABLE 1—LIBERTY SINGLE CRANKPIN-BEARING TESTS 


Bearing Unit Pressure, 
Diam- Length, Speed, Lb. per Sq. In. 
eter, In. In. R.P.M. Maximum Mean 

A 23% 1 1,700 3,330 1,050 
B 2% 1% 1,700 bere i 860 
C 236 1% 2,100 oes 1,330 
D 2% 2% 2,100 ep ibe 1,170 
E 23% 1 1,800 2,472 1,709 
F 23% 2.19 1,700 1,035 750 





Rubbing 
Velocity, pv Factor, Time, Bearing 
Ft. per Sec. Lb-Ft.per Sec. Hr. Condition 
17.60 18,500 219% Good at 165 hr. 
17.60 15,300 50 Excellent 
21.75 29,000 50 Babbitt cracked 
21.75 25,500 50 Babbitt cracked 
18.65 31,900 160 Babbitt cracked at 
76% hr. 

17.60 13,200 Standard 





materials can withstand in service are not definitely 
known, since bearing loading is so uncertain a quan- 
tity. In the case of the R-1340 crankpin bearing re- 
ferred to, the loading must be uniform, since no evi- 
dence of peening at the ends, near the fillets, is ob- 
served. In the earlier models of the V-1570 engine, 
the crankpins did not have sufficient stiffness and main- 
bearing failures were not uncommon. Examination of 
these bearings revealed that the metal had been peened 
at the ends of the bearing, due to the journal axis de- 
scribing some kind of cone with vertex near the center 
of the journal in place of revolving about the bearing 
axis, due to crankshaft distortion in torsional vibration. 
The bearing loading, therefore, was equivalent to con- 
siderable misalignment and the actual bearing area 
very much less than the net projected area. Conclu- 
sions as to permissible bearing loads and pv values 
from these failures were, therefore, misleading. 

The ratio of length to diameter is also an important 
item in bearing design. The intermediate and end 
bearings of the V-1570 engine have an effective length- 
diameter ratio of 0.37, which appears to be near the 
minimum for bearings of the conventional type, since 
difficulty was at first experienced in keeping down the 
oil consumption of this engine. Much less difficulty was 
experienced with the V-1150 engine where the effective 
length-diameter ratio is 0.52. 

Large-diameter narrow bearings have not proved 
very successful, since the large clearances required to 
pass sufficient oil to cool the bearing and large circum- 
ference cause excessive oil loss, over-oiling the cylinders 
and making it difficult to maintain sufficient pressure 
to lubricate the crankpin bearings. Tests on large- 
diameter bearings were made by the Packard Motor 
Car Co. with the intention of determining how narrow 
they could be made. The dimensions were 105% in. in 
diameter by 3 in. wide, with 0.009-in. clearance, but the 
oil consumption was excessive and the test was com- 
pleted with the 3-in.-wide bearing. Engine friction was 
high due to shearing the large oil-film area. 





8’ See THE JOURNAL, March, 1925, p. 297. 


TABLE 2—AVERAGE RESULTS OF TESTS 


The Packard X, Lieutenant Williams’s Schneider Cup 
Race engine, had main bearings 734 in. in diameter 
and about 1% in. long, of steel-backed babbitt-lined 
construction. The reported mean bearing pressure was 
700 lb. per sq. in. and rubbing velocity 93 ft. per sec., 
giving a pv value of 65,000 lb-ft. per sec. No bearing 
trouble was reported but the engine was believed to 
have been greatly over-oiled due to the necessity of 
flooding the bearings with oil for cooling purposes. 


Bearing Tests 


In 1926 a test was conducted at McCook Field on a 
single-cylinder Liberty engine to determine the be- 
havior of steel-backed babbitt-lined bearings under in- 
creased loading. Results of this test are given in Table 
1. In no case did a bearing fail, but in C, D and E the 
babbitt was cracked and small pieces broken out. For 
purposes of comparison, F' gives the loading on crank- 
pin bearings of the Liberty-12 engine. 

In 1926, tests were also conducted on the Kingsbury- 
type thrust-bearing. The load was applied by a lever, 
so that each thrust face was active during one-half 
revolution. The shoes were babbitt-lined steel and the 
method of increasing the unit load was by reduction of 
effective shoe area. Unit loads were carried up to 2050 
lb. per sq. in. and the corresponding pv factor was 
173,000 lb-ft. per sec. The load was carried for 5 hr. 
In one case only did the babbitt flow and the oil flow 
was found subsequently to be considerably less than the 
optimum value. From these tests the conclusion was 
drawn that the only limitation on the permissible pv 
factor was the oil flow. So long as the flow of lubri- 
cant was sufficient to maintain the temperature at a 
safe value, rubbing velocity and pw factors could be 
very large. In all tests the rubbing velocity approached 
1 mile per min. and in one case reached 100 ft. per 
sec. Test results on this bearing are given in Table 2. 

L. M. Woolson reported a series of bearing tests* and 
gave a table showing the loads, velocities and pv values 
that were carried for a period of not less than 1 hr. 
without seizure. In his tests, various bearing con- 
structions were tried with babbitt and bronze on 40- 





OF KINGSBURY-TYPE THRUST-BEARING 
Thrust 





? Equiv- 
. Oil— —, Collar pv. alent 
Dura- Shoe Temperature, Pres- Tem- v, Rubbing Full- 
Fric- tion Clear- Deg. sure, Flow, perature, Beam Bearing P, Ft. Factor, Size 
Speed, tion, of Test, ance, Fahr. Lb. per Lb. per Deg. Load, Load, Lb. per per Lb-Ft. Load, 
R.P.M. Hp. Ir. In. In Out Rise Sq. In. Min. Fahr. Lb. Lb. Sq.In. Sec. per Sec. Lb. 
100 Per Cent Shoe Area — Projected Shoe Area = 13.1 Sq. In. 
1,800 12.98 10 0.0055 139.3 178.5 39.2 29.60 23.00 215.4 750.0 7,020 535 60.3 Seen - wuwde 
2,200 16.52 10 0.0055 142.6 181.6 39.0 37.50 30.40 216.8 750.0 7,020 536 73.7 See - thous 
2,999 30.64 5 0.0020 149.0 197.0 48.0 48.80 40.90 230.7 752.0 6,990 534 100.5 See: . we Sedu 
2,000 18.18 10 0.0022 143.0 186.0 43.0 30.70 27.80 217.7 998.0 9,340 713 67.0 ee Saat am 
2,000 8.06 iS” ie aes 116.5 254.0 137.5 9.40 29.45 298.0 750.0 7,020 536 67.0 Seuee | wees 
54 Per Cent of Original Shoe Area — Projected Shoe Area = 7.06 Sq. In 
2,500 20.00 5 0.0020 140.3 234.0 93.7 11.30 15.56 248.0 100.5 9,360 1,325 83.8 111,100 17,330 
22 Per Cent of Original Shoe Area — Projected Shoe Area = 2.86 Sq. In. 

2,500 11.54 5 0.0020 142.0 205.0 63.0 9.30 15.90 221.0 401.0 3,745 1,310 83.8 109,800 17,020 
2,500 18.77 15 0.0020 138.9 218.5 79.6 8.80 14.02 233.6 600.0 5,616 1,960 83.8 164,500 25,520 
13.4 Per Cent of Original Shoe Area — Projected Shoe Area = 1.774 Sq. In. 

2,500 11.09 Bi. GE sein whats 142.0 199.0 57.0 11.50 18.00 211.7 390.0 3,649 2,050 83.8 172,000 27,230 
2,500 11.00 5 0.0020 140.0 196.0 56.6 13.27 16.60 210.5 392.0 3,660 2,060 83.8 173,000 27,310 
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point carbon steel and hardened shafts. These tests 
unfortunately were not carried to the point of deter- 
mining the actual maximum bearing-pressures that 
could be carried at a given rubbing-speed, nor the maxi- 
mum rubbing-speeds that could be used with a given 
unit pressure. The data that appeared in Mr. Wool- 
son’s paper are given in Table 3. 


Methods of Bearing-Load Analysis 


Three methods of analyzing the loads on bearings of 
aircraft engines are presented. In the first method, a 
12-cylinder 60-deg. V-engine, using the articulated-rod 
construction is taken as an example and the analysis is 
made as complete and precise as possible. In this 
analysis, all inertia and gas loads in the link-rod cylin- 
der are resolved into components parallel to and per- 
pendicular to the master rod. These are then combined 
with the parallel and perpendicular components of the 
forces in the master-rod cylinder. The combined 
parallel and perpendicular forces, due to inertia and 
gas pressure, are then plotted graphically, together with 
the centrifugal forces. .Thus, resultant curves of in- 
ertia force and gas force at the bearings are drawn. 
Corresponding values of inertia and gas forces are 
then combined graphically, giving the curve of resultant 
force acting on the crankpin. The purpose in plotting 
inertia and gas forces separately is to enable new 
analyses to be made readily, showing the effect of 
changing engine speed or mean effective pressure, 
without recalculation of the tables, as will be brought 
out in connection with this analysis. 

The second method of analysis takes up the nine- 
cylinder radial-engine and is not as precise a method 
as that presented for the 60-deg. V-engine. The re- 
ciprocating weight is taken as the mean reciprocating 
weight of the engine, all rods are assumed to inter- 
sect in the crankpin center, making the stroke of all 
cylinders the same as that of the master-rod cylinder. 
Gas and inertia forces are assumed to be the same in 
all cylinders at corresponding points in the cycle. The 
rotating weight of the link rods is added to that of the 
master rod, instead of being treated separately as in 
the V-engine analysis. This analysis does not give 
correct piston side thrust, but other advantages of the 
method as applied to crankpin and main-bearing loads 
outweigh the disadvantages, giving, as it does, a suffi- 
ciently close approximation for design purposes. The 
saving of time is enormous, since the exact solution of 
the bearing loads in a nine-cylinder radial-engine 
would consume much more time than does this analysis. 
Results obtained by the exact method differ somewhat 
in the various cylinders, but the mean values of bearing 
loads are closely approximated by this analysis as pre- 
sented. 

The third method given is an analytical method using 
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TABLE 4—CHARACTERISTICS AND DIMENSIONS OF CURTISS 
V-1570, CONQUEROR ENGINE 

Number of Cylinders 12 

Arrangement of Cylinders Two banks at 60-deg. V 

Method of Numbering Cylinders 6, 5, 4, 3, 2, 1—Right 

ay Propeller end—6, 5, 4, 3, 2, 1—Left 

Firing Order, Crankshaft Rotation Clockwise Facing Rear of 


Engine 1L, 6R, 5L, 2R, 3L, 4R, 6L, 1R, 2L, 5R, 4L, 3R 
Bore, in. 


0.125 
Stroke of Master-Rod Cylinder (2R), in 6.250 
Stroke of Articulated-Rod Cylinder, in. 6.430 
Piston Area, sq. in. 20.63 
Total Piston Displacement, cu. in. 1,569.5 
Brake Horsepower 630 
Speed, r.p.m. 2.400 
Cor pression-Ratio, Average 5.80: 1 
Mechanical Efficiency, per cent 89.4 
Brake Mean Effective Pressure, lb. per sq. in 132.4 
Indicated Mean Effective Pressure, lb. per sq. in. 148.1 
Master Connecting-Rod Length, Center to Center, (L), in. 10.0 
Master Connecting-Rod to Crank Ratio (L/R), in 3.20 
Articulated-Rod Length, in. 7.594 
Link-Pin Radius (R,), in. 2.406 
Angle between Link-Pin Radius and Master-Rod Center 
Line (8,), deg. min. 66-30 
Master Rods Are Assembled in the Left Cylinder Bank 
Valve Timing 
Inlet Valve Opens, deg. before top dead-center D 
Inlet Valve Closes, deg. after bottom dead-center 55 
Exhaust Valve Opens, deg. before bottom dead-center 60 
Exhaust Valve Closes, deg. before top dead-center 0 
Valve-Tappet Clearance, Intake and Exhaust,in. 0.014 to 0.016 
Magneto Timing 
Left Magneto Advance, deg. 33 
Right Magneto Advance, deg 38 
Reciprocating and Rotating Weights 
teciprocating Weight per Cylinder of Master Rod, Ib. 4.11 
Piston, Complete with Rings and Pin, lb. 2.9% 
Upper End of Master Connecting-Rod, lb. 1.14 
Reciprocating Weight per Cylinder of Articulated Rod, Ib. 3.90 
Upper End of Articulated Connecting-Rod, lb. 0.93 
Rotating Weight at Crankpin, lb. 5.36 
Lower End of Master Connecting-Rod, Ib. 4.53 
Lower End of Articulated Connecting-Rod, 1b 0.83 
Crankpin Bearing 7 
Diameter, in. 2.500 
Length, Total, in. 1.500 
Length, Effective, in. 1.391 
Effective Projected Bearing Area, Minus Oil Groove, 
sq. in. 3.28 
Crankshaft End and Intermediate Bearings f 
Diameter, in. 3.500 
Length, Total, in. 1.500 
Length, Effective, in. 1.344 
Effective Projected Bearing Area, sq. in 4.52 
Crankshaft Center Bearing — 
Diameter, in. 3.500 
Length, Total, in. 1.750 
Length, Effective, in. 1.594 
Effective Projected Bearing Area, sq. in. 5.39 
Crankshaft ae 
Diameter of Journal, in 3.900 
Bore through Journal, in 2.790 
Diameter of Crankpin, in 2.000 
Length of Crankpin, in 1.920 
Bore through Crankpin, in 1.250 
Crankpin Fillets, in. 0.250 
Journal Fillets, in. 0.18% 
Width of Crank Cheek at Top of Journal, in. 3.790 
Thickness of Crank Cheek, in. 0.987 


Distance between End and Intermediate Crankpin a: 
Centers, in. 5.750 
Distance between Center Crankpin Centers, in. 6.000 


empirical constants derived from graphical analyses of 
various engines. It is very general, and, as long as en- 
gine speeds do not change too much, the value of these 


TABLE 3—SUMMARY OF PACKARD BEARING-MACHINE TEST RESULTS 


Speed pv Value 
Bearing Size Total Load, without without 
Diameter, Width, Load, Lb. per Seizure, Seizure, 
Shaft Material Bearing Material In. In. Lb. Sq. In. R.P.M. Lb-Ft. per Sec. 
40-Point Carbon Babbitt-Lined Steel 
Steel Backed 1% % 6,050 2,300 2,750 48,500 
40-Point Carbon Babbitt-Lined Steel 
Steel Backed 1% 1% 12,100 1,975 2,950 44,500 
40-Point Carbon Half and Half Solder 
Steel Bronze-Backed 1% 1% 9,625 1,570 2,500 30,000 
Hardened Steel Phosphor Bronze 
40-Point Carbon 71% Per Cent of Copper. 1% 1% 11,000 1,800 2,000 27,400 
Steel 23 Per Cent of Lead and 
5% Per Cent of Tin 1% 1% 8,030 1,310 2,000 20,000 
40-Point Carbon 87 Per Cent of Magnesium 
Steel and 13 Per Cent of Cop- 
per 1% 1% 6,050 990 2,000 15,000 
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constants does not change greatly. By this method, 
mean and maximum bearing-loads in various engine- 


Acceleration.—To ascertain the principal forces acting 
in the engine, the relative position, velocity and accele- 


RTISS 
ie types can be estimated very quickly. This would en- ration of the moving parts must be determined. Motion 
13 able the designer to proceed intelligently with the en- of the pistons and connecting-rods is obtained with re- 
leg. V gine design without spending the large amount of time lation to the crankshaft, the angular velocity of which 
et usually consumed in bearing analysis. It is much bet- is considered constant because of the large inertia of 
‘ ter than the best guess from previous experience, since the propeller and uniformity of torque in multicylinder 
I a account is taken of reciprocating and rotating weights engines. In the Curtiss V-1570 engine, an articulated 
6.250 and mean effective pressures. connecting-rod construction is employed, which con- 
ar In all three methods the gas forces at all points in sists of one master rod and one link or articulated rod. 
59.5 the cycle are assumed to be proportional to the indi- Piston motion of the master rod is the same as for the 
+ cated mean effective pressure. This is probably close familiar direct-acting simple-engine mechanism, but in 
80:4 to the truth, except for the effects of detonation. In- the case of the link rods, which are pivoted at the big 
34 dicator cards taken by the most precise methods known’ end of the master rod, the resultant motion is slightly 
18.1 check very closely with cards constructed as outlined altered. 


0 
0.016 





in the V-engine analysis, which follows. 
Exact Analysis for Articulated-Rod Engine 


Investigation of bearing loads of the Curtiss V-1570 
Conqueror engine was carried out by a combination of 
graphical and analytical methods, with the direct object 


—." 

















The mathematical solution of piston displacement, 
velocity and acceleration for a simple-engine mecha- 
nism is in common use and can be applied to the master 
rod if desired. A mathematical solution of link-rod 
piston-motion, however, leads to equations that are too 
complex for ordinary use; consequently, a graphical 
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790 Fic. 1—ELEMENTARY CONSIDERATIONS OF RELATIVE VELOCITY AND ACCELERATION 

aoe of approaching more closely to the actual forces and method was decided upon. The Klein construction for 

conditions prevailing than would have been possible on design, although, for practical work, the principle 
by use of the well-known Standard Method, since the of instantaneous centers, may be found in many books 

of latter is based on the assumption that connecting-rod on design, although, for practical work, the principle 
en- axes always intersect at the crankpin center. The pro- of relative velocity and acceleration‘ would seem to offer 


ese 


cedure followed for combining forces that act upon the 
crankpin was to resolve all forces into components 
parallel to, and normal to, the master-rod axis at .the 


many advantages, particularly, with regard to accu- 
racy and compact arrangement of drawing work. 
This principle was, therefore, chosen as a basis for 


crankpin. Thus, the so-called Exact Analysis differs the graphical system and some elementary considera- 

from the Standard Method principally in the manner tions of this system are illustrated in Fig. 1. The dia- 

in which the various forces are considered to act upon gram at A shows a simple-engine mechanism in which 

the crankpin. O is the center of rotation; A the crankpin with radius 

Data for Table 4 were obtained from the Curtiss V- R; L, the connecting-rod and P, the piston, which is 

| 1570 Engine Handbook and detail drawings of the shown on top dead-center at the instant considered. 
engine. A maximum brake horsepower of 630 at 2400 At A, vector V, represents the tangential velocity of the 
r.p.m. with a mechanical efficiency of 89.4 per cent was crankpin A with respect to the crank radius R; where- 
recorded during a series of tests at the Materiel Divi- as at P, it is shown as representing the velocity of 
sion. This rating was used throughout as a basis for piston P relative to the crankpin A. The acceleration 

the bearing analysis, although the nominal rating is of P is equal to the acceleration of A about O plus the 

600 b.hp. at 2400 r.p.m. Rotating and reciprocating acceleration of P about A. The acceleration of A about 

weights were obtained by test from actual engine parts. O is w*,R or v*,/R, toward the center O, wa being the 

Engine characteristics and dimensions of Table 4 are constant angular-velocity of A in radians per second, 

used in the bearing analysis which follows. Va its tangential velocity in feet per second and R the 

Graphical Analysis of Piston Motion, Velocity and crank radius in feet. The acceleration of P about A is 

equal in magnitude to v’,/L, where L is the connecting- 
rod length in feet. Its direction is toward the center 





*See Mechanism, by S. Dunkerley, p. 213. 
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of rotation or from P to A, for in this position it has 
no tangential component about A. Since the crank and 
connecting-rod are in line, the total acceleration of P 
about O is represented by the vector o’p’ of the accelera- 
tion diagram, where o’p’ = o’a’ + a’p’; the magnitude of 
oa being v’*./R and that of a’p’ being v*./L as before. 
Accelerations that act in a direction from P to A are 
considered positive; so that, at top dead-center piston 
acceleration a, = v'a(1 + R/L)/R, and at bottom dead- 
center piston acceleration a) = va(—1+ R/L)/R or 
op = —o’a’ + a’p’ as at B. 

Piston velocity and acceleration for intermediate 
positions of the crankpin are determined as in the other 
three diagrams C, D and E of Fig. 1. In these and 
the other diagrams that follow, o is considered as a 
stationary point or point of reference; hence, velocities 
or accelerations measured from o or o’ are called abso- 
lute values, all others being relative. The absolute 
velocity of a is vg or waRk normal to OA. The velocity 
of P is, by the principle of relative velocities, equal to 
the vector sum of the absolute velocity of A and the 
relative velocity of P with respect to A. Let ap be the 
velocity of P relative to A. Its direction is normal to 
AP, since A and P are rigidly connected, and the direc- 
tion of vp, the velocity of P, is vertical. Consequently, 
the velocities can be completely determined as in the 
velocity diagram at D by drawing oa perpendicular to 
OA of C, its magnitude being w.R. A line indicated by 
op is then drawn through o parallel to OP of C and of 
indefinite length. The diagram is completed by draw- 
ing a line from a perpendicular to AP of C to inter- 
sect op at p. In this diagram, oa represents absolute 
velocity of the crankpin; ap, velocity of P relative to 
A and op = v, the absolute linear-velocity of P along its 
line of stroke. Since the motion of P relative to A is a 
rotation with radius L, ap=wL, or w=ap/L. The 
linear velocity of P and the angular velocity of the rod 
with respect to A are thus completely determined. Ve- 
locity of any point on the rod can likewise be found. 

Accelerations are determined as in the acceleration 
diagram E, where o’a’ represents the acceleration of A 
about its center of rotation O. o’a’ = w.R = v*./R and 
is drawn to scale, parallel to OA of C and in a direction 
from A to O. Absolute acceleration of point P by the 
principle of relative accelerations is equal to the vector 
sum of the acceleration of point A and the acceleration 
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Fic. 2—GRAPHICAL METHOD FOR DETERMINING PISTON VELOCITY AND ACCELERATION 
IN AN ARTICULATED CONNECTING-ROD ENGINE 
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Pl ITY DIAGRAM FOR NORMAL (Gp) AND TANGENTIAL \ 
COMPONENTS OF LINK PIN (B) ACCELERATION ABOUT A 





of P with respect to A. The relative acceleration of P 
with respect to A is made up of two components, one 
wholly known, the other known only in direction. The 
normal component is w°Z or (ap)*/L, with a direction 
from P to A of C, so this is drawn first as a’p’, of the 
acceleration diagram. A line, o’p’, is then drawn 
through o’ paraliel to OP of C and ot indetinite length. 
The tangential component «aL is perpendicular to the 
direction of the connecting-rod, hence is drawn from p’; 
perpendicular to PA of C to intersect o’p’ at p’. The 
closing line of the polygon o’p’ represents, to the scale 
chosen, absolute acceleration of the piston P along its 
line of stroke. Acceleration of any point on the rod can 
likewise be found. 

Fig. 2 illustrates the graphical method for determin- 
ing piston velocity and acceleration for an articulated 
connecting-rod. In the velocity diagram B draw 
through o, which represents the fixed center of rotation, 
lines of indefinite length parallel to the cylinder axes 
of the mechanism diagram A as indicated by oc and od. 
Choose a convenient scale and draw vector oa to repre- 
sent instantaneous velocity of crankpin A. This should 
be drawn in the direction of rotation shown, perpendic- 
ular to OA of the mechanism diagram. As previously 
given, 0a = wR = 2xRN/60. From a draw ac per- 
pendicular to AC of the mechanism diagram to intersect 
line oc at c. Vector ac is the instantaneous linear- 
velocity of C about A and oc represents instantaneous 
velocity of the master-rod piston C along its line of 
stroke OC, with respect to the fixed center of rotation 
O. The link pin B always has a definite relation to 
AC, being a part of the same master-rod. Consequently, 
its angular velocity about A is equal to that of C about 
A, although its linear velocity about A is to that of C 
about A as its radius AB or R, is to AC or L. Hence, 
ab = (ac) (R,/L), and its magnitude can be found by 
measuring ac and multiplying by the ratio of R,/L by 
proportional dividers set to that ratio or by a propor- 
tionality diagram. However, a more convenient method 
is to draw a line from c perpendicular to BC of the 
mechanism diagram to intersect the line ab, which is 
drawn perpendicular to AB of the mechanism diagram 
and in the direction of instantaneous motion shown at 
A. This construction makes triangle abe similar to 
triangle ABC since the sides are perpendicular respec- 
tively, or ab/ac = AB/AC = R,/L; therefore, ab = (ac) 
(R,/L) as required. From 
b draw bd perpendicular to 
BD of the mechanism dia- 
gram in the direction of in- 
stantaneous motion to inter- 
sect line od at d. Vector bd 
is the instantaneous linear- 
velocity of D about B and od 

J represents instantaneous ve- 
{ locity of the link-rod piston 
D along its line of stroke 
OD with respect to the fixed 
center of rotation O. 


In the acceleration dia- 
‘ gram, draw through 0’, 


r— DIREC TION OF FORCE 
QUE TO ROTATING 
WEIGHT OF LINK ROD 





which represents the fixed 
center of rotation, lines of 
indefinite length parallel to 
; the cylinder axes of the 
i le mechanism diagram, indi- 
; ; cated by o’c’ and o’d’. Choose 

a convenient scale and draw 
vector o’a’ to represent in- 
stantaneous acceleration of 
‘ the crankpin A. This 
ACCELERATION DIAGRAM should be drawn in a direc- 
tion from A to O of the mech- 
anism diagram, its magni- 
tude being, o’a’ = w',R or 
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Symbols Used in Graphical Method 


MECHANISM DIAGRAM 
A = crankpin 
B = link pin. 
C = master-rod piston 
D = link-rod pisten 
L = AC = master-rod length, center to center, in 
feet 
L, = BD = link-rod length, center to center, in feet 
O = center of crankshaft or center of rotation 
which is assumed to be fixed 
= OA = crankpin radius in feet 
R, = AB = link-pin radius in feet 
= link-pin angle which is constant 
6=—crank angle, measured from center line of 
master-rod cylinder 
6, = angle between master-rod and link-rod cylin- 


der-axes 

¢% = angle between master rod and master-rod 
cylinder-axis ‘ 

¢: = angle between link rod and link-rod cylinder- 
axis 

#_ = angular velocity of crankpin A which is as- 


sumed as constant for a given speed 


VELOCITY DIAGRAM 


ab = instantaneous velocity of B about A 

ac = instantaneous velocity of C about A 

bd = instantaneous velocity of D about B 

oa = instantaneous velocity of A about O = wR = 
Va = (27RN) /60 ft. per sec. 

oc = instantaneous velocity of C along line of 
stroke OC 

| od = instantaneous velocity of D along line of 


| stroke OD 


v’,/R as previously given. The normal acceleration of 
C about A is represented by a’k which is drawn parallel 
to AC of the mechanism diagram and in a direction 
from C to A. Its magnitude is (ac)*/AC or (ac)*/L 
from the velocity diagram. The tangential acceleration 
of C about A is represented by kc’, which is obtained by 
drawing a line from k perpendicular to AC of the mech- 
anism diagram to intersect o’c’ at c’. Vector o’c’ repre- 
sents instantaneous acceleration of the master-rod pis- 
ton C along its line of stroke OC with respect to the 
fixed center of rotation O. 

Since the link pin B is a part of the same rigid body 
or master rod ABC, its angular acceleration about A is 
the same as that of C about A and its total instan- 
taneous-acceleration about A is in the same ratio to 
that of C about A as its radius AB or R, is to AC or L. 
Furthermore, normal and tangential components of the 
acceleration are related in the same manner. Let a’p 
be the normal acceleration of B about A and pb’ be the 
tangential acceleration of B about A. Then, a’b’ will 
be the total instantaneous-acceleration of B about A. 
Likewise, a’c’ will also represent the total acceleration 
of C about A since it is the sum of a normal component 
a’k and a tangential component kc’. The given relations 
can be stated as follows: a’b’ = (a’c’) (R,/L); also a’p= 
(a’k) (R./L) and pb’ = (ke’)(R,/L). If triangle a’b’c’ 
is made similar to triangle ABC of the mechanism dia- 
gram the above relations will be satisfied and point b’ 
correctly located. The drawing of lines a’b’ and b’c’ is 
greatly facilitated if a special triangle of thin celluloid 
is made up, having the same angles as ABC of the 
mechanism diagram. Another method of locating Db’ is 
to draw a line from a’, making angle b’a’c’ equal to 
angle BAC or 8, of the mechanism diagram. This is 


ACCELERATION DIAGRAM 


a’b' = total instantaneous-acceleration of B about A 
= (a’c’) x (R,/L) 

a’c’ = total instantaneous-acceleration of C about A 

a’k = normal instantaneous-acceleration of C about 
A <= (ac)*/L! 

a’p = normal instantaneous-acceleration of B about 
A = (a@’k) x (R,/L) 

b’q = normal instantaneous-acceleration of D about 
B= (bd)?*/L, 

ke’ = tangential instantaneous-acceleration of C 
about A 

o’a’ = instantaneous acceleration of A about O = 
wR or v’a/R ft. per sec. per sec. 

o’b’ = instantaneous acceleration of B about O 

o’c' = instantaneous acceleration of C along line of 
stroke OC 

o’d’ = instantaneous acceleration of D along line of 
stroke OD 

pb' = tangential instantaneous-acceleration of B 
about A = (ke’) x (R,/L) 

qd’ = tangential instantaneous-acceleration of D 
about B 

m&, Which from the acceleration diagram equals 
(ke’')/L, to denote the angular acceleration 
of L and also R 


a1, which from the acceleration diagram equals 
(qd) /L, to denote the angular acceleration 
of 

#), which from the velocity diagram equals (ac)/L, 
to denote the angular velocity of L and also 
R, 

w,, which from the velocity diagram equals (bd) /Ih, 


ei 


to denote the angular velocity of L: 


easily accomplished by using two protractors, setting 
one to line a’c’ and the other to angle 8, Vector a’b’ 
can now be set off on this line after determining its 
magnitude by proportional dividers or a proportionality 
diagram. If, however, normal and tangential compo- 
nents of the acceleration B about A are required, b’ 
may first be located as above, then a’p drawn parallel to 
AB of the mechanism diagram in a direction from 
B to A, after which line b’p is drawn from b’ perpendic- 
ular to AB of the mechanism diagram to intersect a’p 
at p. Care should be exercised so that pb’ is set off on 
the same relative side of a’p as ke’ is to wk. Vector 
o’b’ represents, both in magnitude and direction, the 
instantaneous acceleration of link pin B about the fixed 
center of rotation O. For large-scale work, a propor- 
tionality diagram is very convenient for finding the 
magnitude of a’p and pb’. In such a diagram, D Fig. 2, 
AB is ‘drawn perpendicular to AC, these lines being of 
the same length or proportional to AB and AC of the 
mechanism diagram. If a’k and ke’ are set off along 
AC, the corresponding vertical projections will give a’p 
and pb’ to the correct scale. 

The normal acceleration of D about B is represented 
by b’q, which is drawn parallel to BD of the mechanism 
diagram, and in a direction from D to B. Its magni- 
tude is (bd)’/(BD) or (bd)*/L, from the velocity dia- 
gram. The tangential acceleration of D about B, qd’, 
is determined by drawing a line from q perpendicular 
to BD of the mechanism diagram to intersect o’d’ at d’. 
Vector o’d’ represents instantaneous acceleration of the 
link-rod piston D along its line of stroke OD, with re- 
spect to the fixed center of rotation O. 

Fig. 3 shows the diagrams required for graphical 
determination of piston velocity, acceleration and per 
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TABLE 5—PISTON VELOCITY AND ACCELERATION AND PISTON-INERTIA FORCE ALONG CYLINDER 
AXES AND PER CENT OF PISTON TRAVEL FOR CURTISS V-1570 ENGINE AT 2400 R.P.M. 
Crank , Piston Piston-Inertia 
Angle of Piston Velocity, Acceleration, Force along Piston Travel, 
Master Ft. per Sec. Acceleration Ft. per Sec. per Sec. Cylinder Axis, Lb. Per Cent 
Rod, Master Link Components, Master Link Master Link Master Link 
Reference Deg. Rod tod Ft. per Sec. per Sec. Rod Rod Rod Rod Rod Rod 
Point 0 oc od a’k b’q oc’ o'd’ Fo F’; 
a ay 
Ao 0 0.0 - §4.5 5,150 540 21,620 5,220 2.760 632 0.0 30.0 
Ai 20 29.3 — 51.8 1,615 2,105 19,520 12,580 2,490 1,524 4.2 14.6 
Ag 40 52.7 — 39.8 3,146 3,965 13,670 18,640 1,745 2,258 15.1 4.2 
As 60 65.9 — 1.6 1,387 5,210 5,680 21.140 - 725 2,560 31.2 0.0 
A, 80 68.2 27.6 170 5,440 2,170 20,060 277 — 2,429 49.1 4 
As 100 60.8 52. 170 4,590 7,860 15,200 1,003 1.840 66.¢ 14.1 
As 120 47.5 68.4 1,387 2,890 10,750 7.620 1,372 92: 80.9 29.7 
A; 140 32.0 73.0 3,146 1,040 11,560 1,680 1,475 203 91.6 8.5 
As 160 15.8 66.4 4,615 25 11,440 8,300 1,460 1,005 97.9 665 
Ao 180 0.0 51.3 5,150 553 - 11,320 12,500 1,445 1,514 100.0 82.0 
Aw 200 — 15.8 33.0 1,615 2,260 11,440 13,640 1,460 1,652 97.9 92.8 
Aun 220 — 32.0 14.2 3,146 4,160 11,560 13,200 1,475 1,598 91.6 99.0 
Axe 240 — 47.5 3.6 1,387 5,390 10,750 12,460 1,372 1,510 80.9 100.0 
Ais 260 — 60.8 — 20.4 170 5,500 7.860 11,700 1.00 1,417 66.6 97.2 
Ax 280 — 68.2 ~ 36.0 170 4,490 2,170 10,720 227 1,298 49.1 89.6 
A 300 - 65.9 — 49.9 1,387 2,710 5,680 9,200 725 1,114 31.2 78.6 
As 320 52.7 60.9 3.146 950 13,670 6,380 - 1,745 773 15.1 64.0 
Ai: 340 29.3 — 67.0 4,615 19 19,520 1,680 2,490 203 4.2 47.2 
cent of piston travel at 20-deg. intervals of crank rota- my 
tion throughout one revolution of the crankshaft. The 1th — WI 


mechanism diagram is drawn very accurately so that 
essential dimensions can be scaled from it directly. In 
this diagram, the relative position of all parts of the 
mechanism are clearly shown at 20-deg. crank inter- 
vals. Subscripts, applied to all letters of the diagram, 
denote equivalent crank positions and are referred to 
the master rod, which is situated in the left cylinder, 
with the direction of rotation as shown. 

Velocities are determined as in the velocity diagram. 
Only one calculation is necessary, that being the tan- 
gential crankpin-velocity va, which equals w,.R =2zx x 
2400 x 3.125/60 x 12 = 65.5 ft. per sec., shown by the 
outer circle. Following methods previously given, this 
diagram is completed by transferring the required di- 
rections, by protractor, from the mechanism diagram. 

Two calculations are necessary to determine com- 
pletely accelerations at each crank position considered, 
aside from the normal crankpin-acceleration, which is: 
wak = v’/R = (65.5)? x 12/3.125 = 16,470 ft. per sec. 
per sec. To the scale chosen, this value represents ra- 
dius of the outer circle in the acceleration diagram. 
Acceleration components a’k and b’q can be computed 
and listed as in Table 5. As before a’k = (ac)’/L and 
b’q = (bd)*/L, where ac and bd are velocities scaled 
from the velocity diagram. With these values tabu- 
lated and by transferring the required directions from 
the mechanism diagram, accelerations are completely 
determined as in the acceleration diagram. 

Displacement, velocity and acceleration for both 
master and link connecting-rod pistons versus crank 
angle are plotted as in Fig. 4 from the results of this 
analysis. The displacement is plotted in terms of per 
cent of stroke so as to make the curves directly com- 
parable. By measurement from the mechanism dia- 
gram of Fig. 3, stroke of the link-rod piston is found 
to be 6.43 in., whereas for the master-rod piston it is 
6.25 in. Assuming that the total stroke is s and the 
piston displacement from top dead-center is s,, then 
the percentage of piston travel for any given crank 
position is 100s,/s. Piston inertia-force is determined 
as follows: 


For the master rod 


F",. = — Wia/g 
where 
a — piston acceleration of the master rod 
F”’, = inertia force of the master rod 


W. = reciprocating weight for the master rod. 
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LOCITY AND ACCELERATION IN A CURTISS V-1570 ENGINE AT 
2400 R.P.M. 


Substituting the value of 4.11 lb. given in Table 4 for 
W., we have 


F", 4.11 a/32.2 
- — 0.1276a 
For the link rod 
F"’, = — W:a,/g 
where 
a, = piston acceleration of the link rod 
F”, = inertia force of the link rod 
W, = reciprocating weight for the link rod 


Substituting the value of 3.90 lb. given in Table 4 for 
W.,, we have 
ae = — 3.90 ay 32.2 
—=-_ 0.1211 ay 


Results of these calculations, together with velocities, 
accelerations and per cent of piston travel are listed in 
Table 5. 

In this analysis we have assumed that the connect- 
ing-rod inertia forces are closely approximated by con- 
sidering the mass of the rod divided between the piston 


or 


or 


2S, 


t- 
n- 
on 
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pin and crankpin inversely in proportion to the dis- 
tance of each pin from the center of gravity of the 
rod. That portion of the rod which is assigned to the 
piston pin is regarded as a reciprocating mass and adds 
to the mass of the piston, producing inertia force along 
the cylinder axis. The other portion of the connecting- 
rod is considered as a rotating mass that produces cen- 
trifugal force about the crankshaft axis. Rotating and 
reciprocating weights (see Table 4) were obtained from 
two typical connecting-rod and piston assemblies of the 
engine. Pistons were removed and weighed and then 
the link rods were removed. The link rod was sup- 
ported on knife edges directly in line with pin centers, 
with axis horizontal and one end resting on the scales. 


The other end was weighed in like manner and the re- 
sults verified by comparing the sum of reactions with 
the total weight. Weights for the master rod were 
determined in a similar manner, with the link pin and 
its attaching parts in place. Rotating and reciprocat- 
ing weights of the two rod assemblies so determined 
were found to be practically identical and are given in 
Table 4. 


Method of Combining Forces Acting on Crankpin. 





The resultant force at the crankpin is produced by a 
number of component forces that reach it through the 
medium of the master connecting-rod. If the lines of 
action of these forces are given due consideration, tak- 
ing the final components along the master-rod axis and 





Symbols Used in Analysis of Inertia and Gas-Pressure Forces 


INERTIA FORCES 
i = resultant inertia-force acting on crankpin 


fF’. = centrifugal force due to rotating end of mas- 
ter rod 

F’.; = inertia force due to rotating end of link rod 

IP” nes - 


= force parallel to master-rod axis at crankpin, 
component of Fe, 
F’e:3 = force normal to master-rod axis at crankpin, 
component of F’- 
F’ eis = force normal to master-rod axis at master- 
rod piston-pin C, component of F"e: 
F’, = sum of component forces normal to master- 
rod axis at crankpin 
F’y) = sum of component forces parallel to master- 
rod axis at crankpin 


F”, = piston-inertia force along master-rod cylin- 
der-axis 
F’.: = force parallel to master-rod axis at crankpin, 


component of F", 


F’»» = force normal to master-rod cylinder-axis at 
master-rod piston-pin C, component of Fy 

F”, = piston-inertia force along link-rod cylinder- 
axis 

F’,, = force parallel to link-rod axis at link pin B, 
component of F”; 

F”’,. = P’; = force normal to link-rod cylinder-axis 
at link-rod piston-pin D, component of F”: 

F";, = force parallel to master-rod axis at erankpin, 
from F”’;,, component of F” 

F’,, = force normal to master-rod axis at crankpin, 
from F”;,, component of F”; 

F’,; = force normal to master-rod axis at master- 
rod piston-pin C, from F”’;;, component of F”: 

kn = conversion factor for computation of force 


normal to master-rod axis at crankpin, which 
is due to force along the link-rod axis 

kp = conversion factor for computation of force 
parallel to master-rod axis at crankpin, which 
is due to force along the link-rod axis 

L = length of master connecting-rod, center to 
center (See Table 4) 





L, = length of link connecting-rod, center to cen- 
ter. (See Table 4) 

P’, = side pressure of master-rod piston, due to 
inertia force only 

P’, = F".» = force normal to link-rod cylinder-axis 


at link-rod piston-pin D, component of F”’; 

U = perpendicular distance from crankpin A to 
line of action of force F"e: 

W = perpendicular distance from master-rod pis- 
ton-pin C to line through axis of link-rod 

X = perpendicular distance from crankpin A to 
line through axis of link rod 

Y = perpendicular distance from master-rod pis- 
ton-pin C to line of action of force F'e: 


Z = perpendicular distance from link pin B to 
axis of link-rod cylinder OD 

8, = angle between link-pin radius and axis of 
master-rod. (See Table 4) 

5, = angle between master and link connecting-rod 
axes 

€, = angle measured between master-rod axis and 
line of action of force F’e, 

6 = crank angle, referred to master-rod cylinder 

¢ — angle that master connecting-rod makes with 
its cylinder axis 

¢, = angle that link connecting-rod makes with its 
cylinder axis 


GAS-PRESSURE FORCES 


F’’ = resultant gas-pressure force acting on crank- 
pin 
F’’, = F”;, = force normal to master-rod axis at 
crankpin, from F'”;;,, component of F'”; 
F’’» = sum of component forces parallel to master- 
rod axis at crankpin 


F’’, = force acting on master-rod piston 

F"’.. = force parallel to master-rod axis at crankpin, 
component of F’’, 

F’’»o = force normal to master-rod cylinder-axis at 
master-rod piston-pin C, component of F’’, 

F’’, = force acting on link-rod piston 

F’’;, = force parallel to the link-rod axis at link pin 


B, component of F”’; 
1 = force normal to link-rod cylinder-axis at link- 
rod piston-pin D, component of F'”’; 


” 


F’”’.; = force parallel to master-rod axis at crankpin, 
from F'”,,, component of F’”; 
F",, = F'n = force normal to master-rod axis at 
crankpin, from F’’;;, component of F”: 
F”,; = force normal to master-rod axis af master- 
rod piston-pin C, from F’’;,, component of F”; 
P”,, = side pressure of master-rod piston due to gas 
force only 
P”, = side pressure of link-rod piston due to gas 
force only 
p’) = unit gas-pressure in master-rod cylinder in 
pounds per square inch 
p’; = unit gas-pressure in link-rod cylinder in 


pounds per square inch 


COMBINED GAS PRESSURE AND INERTIA 


F' = resultant force acting on crankpin 
Fn = sum of component forces normal to master- 
rod axis at crankpin 
Fy, = sum of component forces parallel to master- 
rod axis at crankpin 
» = resultant piston side-thrust of master-rod cyl- 
inder 


P, = resultant piston side-thrust of link-rod cylin- 
der 
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perpendicular to it is an advantage, for an exact de- 
termination of the forces involved, since it simplifies 
the requisite computations. Accordingly, this is the 
system followed in the present analysis. Furthermore, 
the parallel and perpendicular or normal component 
forces, due to forces that arise in various parts of the 
engine mechanism, can then be listed separately and 
correlated components added afterward, so that finally 
we have for each crank position one component force 
parallel to the master-rod axis and one normal to it. 
The centrifugal force due to rotation of the master-rod 
big-end is computed as a separate force and combined 
graphically with the above-mentioned final components 
to draw the polar diagram of forces acting upon the 
crankpin. 

In the standard method of bearing analysis, the en- 
gine is customarily considered as firing, that is, with 
both gas pressure and inertia forces acting. Usually, 
the normal speed is selected as a basis, and this, to- 
gether with the indicated mean effective pressure ob- 





(a) 
ENGINE MECHANISM 
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anism act are indicated by the algebraic symbols + and 
—, as this system permits us to tabulate and combine, 
without confusion, all of the forces in a simple, direct 
manner. With reference to the connecting-rods, a + 
force denotes one producing compression in the rod, 
whereas a — force is considered as producing tension. 
A + force acting normal to the master-rod axis at the 
crankpin signifies a force that produces a right-hand or 
clockwise moment about the master-rod piston-pin C 
and a — force is considered as acting when the reverse 
condition occurs. 

Although piston side-pressures have not been deter- 
mined in this analysis, the necessary procedure will be 
outlined. Forces that are caused by gas pressure dur- 
ing the power stroke are customarily considered as +, 
those acting in the opposite direction being considered 
as —. Moment arms are considered + or — in accord- 
ance with the above-established system. From a funda- 
mental law of mechanics, F = —ma, each inertia force 
will have a direction exactly opposite to that of its ac- 






— RESULTANT 
FORCE 


| 
} 


+ 


(c) 
INERTIA FORCES DUE TO ROTATING WEIGHT OF LINK ROD INERTIA FORCES ACTING ON CRANKPIN 


Fic. 5—RESOLUTION OF FORCES ACTING ON THE CRANKPIN OF A CURTISS V-1570 ENGINE 


tained by test, enables the analysis to be completed for 
one set of conditions. Frequently, however, increasing 
the engine speed above that for which the original an- 
alysis has been worked out and at other times adding a 
supercharger that may augment considerably the indi- 
cated mean effective pressure developed at normal speed 
is found desirable. Now with changed conditions, if 
the bearing loads are to be known with any degree of 
accuracy, an entirely new analysis becomes necessary, 
yet this is seldom done and, as a consequence, bearing 
loads for the changed operating-conditions are known 
only approximately. 

Objections to the standard method have been avoided 
in this analysis by treating the gas-pressure and in- 
ertia forces independently so that their effect on the 
total resultant-force could be studied more advanta- 
geously. The main part of any bearing analysis is that 
portion devoted to finding the resultant crankpin 
forces. Subsequently we will show how, by separating 
gas-pressure and inertia forces, new analyses can 
be worked up from one exact analysis with the same 
degree of precision as the original and to meet the 
changed conditions. The notation for forces which 
has been adopted and used throughout this analysis is 
given on the preceding page. 

Use of Symbols To Indicate Direction of Forces— 
Directions in which various forces of the engine mech- 
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celeration, as shown by the acceleration diagram of 
Fig. 3. This would imply a minus sign for centrifugal 
force, although it is generally omitted. Conventional 
signs are used for trigonometric functions, and the 
tangent of the connecting-rod angle 9 is + for crank 
angles between 0 and 180 deg. and — for angles between 
180 and 360 deg. for each individual cylinder consid- 
ered. For ease in comparing results and to induce 
uniformity as well as facilitate the work of analysis, all 
diagrams should be drawn as though facing the rear of 
the engine and with the direction of rotation clearly 
indicated, as is done in the present case. 

Resolution of Forces Acting on Crankpin.—The en- 
gine mechanism is shown diagrammatically in Fig. 5 
(a) for a position 20 deg. past top center on the master- 
rod cylinder, and, in this diagram inertia forces only 
are considered. As previously given and listed in Table 
5, F’, = —0.1276a, and F’, = —0.1211a,, a, and a, being 
linear acceleration of the master-rod and link-rod pis- 
tons respectively. 

For master-rod inertia forces, the following relations 
exist: 

F's = F's sec $o 
and 
F's = F’, tan % 
where 
% = sin ~~ ({R/L] sin ) 
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TABLE 6—FUNCTIONS OF CONNECTING-ROD ANGLES WITH FACTORS FOR NORMAL AND PARALLEL 


FORCES DUE TO LINK ROD FOR CURTISS V-1570 ENGINE 
7~——————_Master Rod 

















6, 
8 Angle Factor for Forces 
Ref- Crank ——————-Link Rod—————— between W/L [— 
erence Angle, po Distance py Z/Ly Rods, Force Normal Parallel 
Point Deg. Deg. Min. Sin do Sec oo Z Deg. Min. Sin ¢, Sec @, Deg. Min. Cos 6, Ratio Kn kp 
Ao 0 0 00 0.0000 1.000 2. 18 35 0.3188 1.055 78 35 0.1979 0.929 0.980 0.2088 
Ai 20 6 8 0.1069 1.006 a 15 11 0.2620 1.036 81 19 0.1510 0.925 0.958 0.1565 
A» 40 11 36 0.2009 1.021 1.2 9 47 0.1699 1.015 81 23 0.1498 0.925 0.939 0.1520 
As 60 15 43 0.2708 1.039 0. 2 50 0.0494 1.001 78 33 0.1985 0.929 0.930 0.1987 
A, 80 17 56 0.3078 1.051 0. 4 28 0.0777 1.003 73 28 0.2846 0.929 0.932 0.2852 
As 100 17 56 0.3078 1.051 Ra 11 35 0.2008 1.021 66 21 0.4011 0.915 0.934 0.4095 
As 120 15 43 0.2708 1.039 2 17 46 0.3050 1.050 57 57 0.5307 0.883 0.927 0.5575 
Az 140 11 36 0.2009 1.021 2.8 22 2 0.3752 1.079 49 34 0.6486 0.829 0.894 0.7000 
Ag 160 6 8 0.1069 1.006 3.090 24 1 0.4070 1.095 42 7 0.7418 0.806 0.882 0.8120 
Ag 180 0 00 0.0000 1.000 2.980 23 7 0.3925 1.087 36 53 0.7800 0.720 0.782 0.8480 
Aw 200 6 8 0.1069 1.006 2.540 19 33 0.3345 1.061 34 19 0.8259 0.692 0.734 0.8760 
Ay 220 11 36 0.2009 1.021 1.810 13 47 0.2382 1.030 34 37 0.8230 0.694 0.714 0.8480 
Ai 240 15 43 0.2708 1.039 0.910 6 54 0.1200 1.007 37 23 0.7946 0.725 0.730 0.8000 
Ais 260 17 56 0.3078 1.051 0.070 0 32 0.0092 1.000 42 36 0.7361 0.774 0.774 0.7361 
Au 280 17 56 0.3078 1.051 1.010 ‘ § 39 0.1330 1.009 49 43 0.6466 0.831 0.838 0.6525 
Ais 300 15 43 0.2708 1.039 1.800 13 43 0.2370 1.029 58 00 0.5299 0.881 0.906 0.5455 
Ais 320 11 36 0.2009 1,021 2.340 17 57 0.3080 1.051 66 21 0.4011 0.914 0.961 0.4218 
Ax 340 j Ss 0.1069 1.006 2.550 19 37 0.3358 1.062 73 29 0.2843 0.928 0.985 0.3020 
Master-Rod Angle, Deg. 6; - — -_ =— animale 
0— 60 60 deg. + do + 1 
60—180 60 deg. po— * 
180240 60 + oly <li < 6). Conversion factors k, and k, are computed sep- 
240—360 60 deg. — do + ¢1 arately as in Table 6. Results of this work are given 
_ Factor for Forces in Tables 6 and 7. ! : P 
moma = oc & CW /%) Inertia force due to rotating weight of the link rod 
aralie tp — sec @; COS 0, 


es ; CSCS) Shown. in. Fig. 5 (b), together with resulting master- 
rod components, also for a crank interval of 20 deg. 
Values of g, sin g and sec g are listed in Table 6, F’a = — (w/g) a 
and in Table 7 values of F”’,, are listed relative to the where 
various crank-angles considered. 
Link-rod inertia-force relations are derived as fol- 
lows: 


a = acceleration of the link pin B scaled from the 


acceleration diagram of Fig. 3 for each crank 
angle considered 


F'n = F" see 9 w = rotating weight at the lower end of the articu- 
and “ lated connecting-rod, as given in Table 4, 0.83 lb. 
F 12 = F’, tan 9: 
where a Re Substituting we have 
Papo oA ill acetals (>)) F'e, = — 0.88 a/32.2 
= F"; (see ¢: cos 4;) _ 0.0258 a 
= F'.kp F’en = F'e1 cos & 
F's = F’;; (W/L) and 
=F", [sec Pi (W/L) ] F' ce = F'es (Y/L) 
— F", kn also 
F'ss = F'n (X/L) F's = F"ea (U/L) 
— F", [see ¢; (X/L) ] where 
Moment arms W and X, also distance Z, are meas- €, = angle between the master-rod axis and the line 
ured from the mechanism diagram of Fig. 3. Angle 3, of action of the force F’m, the latter being ob- 
is computed from the connecting-rod angles 9 and 9, tained from the acceleration diagram of Fig. 3 
together with the angle of the V, 60 deg. (See Table U = moment arm of the force F’c, about the crank- 





TABLE 7—INERTIA-FORCE COMPONENTS ACTING NORMAL AND PARALLEL TO MASTER-ROD AXIS AT 
CRANKPIN IN A CURTISS V-1570 ENGINE AT 2400 R.P.M. 





F’, 
Inertia 
Force 
0 along 
Master- Master- Secant Inertia Forces, Lb. Force, Lb. Resultant Force, 
Rod Rod of Along Along Normal to Parallelto Components of Sum of 
Ref- Crank- Cylinder- Master- Master- Link-Rod Factor for Forces Master- Master- F"c;, Lb. Components, Lb. 
erence Angle, Axis, Rod Rod Cylinder- Normal Parallel Rod Rod Normal, Parallel, Normal, Parallel, 
Point Deg. Lb. Angle, ¢) Axis, F’9, Axis, F’; Ka kp Axis, F’y, Axis, F'13 F’ ex F’ ey F'n F'p 
Ae 0 —2,760 1.000 —2,760 —632 0.980 0.2088 —620 132 —123 —437 —743 —3,329 
A, 20 —2,490 1.006 —2,503 —1,524 0.958 0.1565 —1,460 —239 —275 —420 —1,735 —3,162 
A 40 —1,745 1.021 —1,781 —2,258 0.939 0.1520 —2,120 —343 —367 —329 —2,487 —2,453 
As 60 —725 1.039 —754 —2,560 0.930 0.1987 ant BEA —509 —388 —189 —2'769 —1 452 
A 80 277 1.051 291 —2,429 0.932 0.2852 —2,263 —693 —352 —38 —2.615 —440 
As 100 1,003 1.051 1,054 —1,840 0.934 0.4095 —1,720 —754 —279 101 —1,999 401 
Ay 20 1,372 1.039 1,426 —923 0.927 0.5575 —856 —515 —195 218 —1,051 1,129 
A; 140 1,475 1.021 1,505 203 0.894 0.7000 182 142 —110 307 72 1,954 
As 160 1,460 1.006 1,469 1,005 0.882 0.8120 886 816 —24 371 862 2,656 
Ag 180 1,445 1.000 1,445 1,514 0.782 0.8480 1,184 1,284 63 412 1,247 3,141 
Aw 200 1,460 1.006 1,469 1,652 0.734 0.8760 1,213 1,448 150 430 1,363 3,347 
Au 220 1,475 1.021 1,505 1,598 0.714 0.8480 1,141 1,355 236 423 1,377 3,283 
Ais 240 1,372 1.039 1,426 1,510 0.730 0.8000 1,103 1,208 313 382 1,416 3,016 
Ais 260 1,003 1.051 1,054 1,417 0.774 0.7361 1,097 1,043 366 295 1,463 2,392 
Ax 280 277 1.051 291 1,298 0.838 0.6525 1,088 848 375 155 1,463 1,294 
Ais 300 —725 1.039 —754 1,114 0.906 0.5455 1,010 608 327 —24 1,337 —17 
As 320 —1,745 1.021 —1,781 773 0.961 0.4218 743 326 212 —212 955 —1,667 
Ax 340 —2,490 1.006 —2,503 203 0.985 0.3020 200 61 54 —362 254 —2,804 
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pin A as measured on the mechanism and accel- 
eration diagrams of Fig. 3 
Y = moment arm of the force F’c: about the master- 
rod piston-pin C as measured on the mechanism 
and acceleration diagrams of Fig. 3 
The results of this work are given in Table 8 where 
resulting components, F”’.,, parallel to the master rod 
and F’... normal to the master rod at the crankpin are 
listed. 
Centrifugal force of the master-rod big-end is 
F"; = — 28.4 (10°° W-RN’) 
where 
F’, = centrifugal force of master-rod big-end 
N = revolutions per minute or 2400 
R = crank radius or 3.125 in. 
W- = rotating weight at crankpin or 4.53 lb. ac- 
cording to Table 4 
Substituting numerical values, we obtain 
F"’. = — 28.4 x 10° x 4.53 x 3.125 x (2400)° 
= — 23820 lb. 


Composition of Inertia Forces Acting on Crankpin.— 
The composition of the inertia forces acting on the 
crankpin is shown in Fig. 5 (c). The centrifugal force 
vector F’. is laid out along the crank axis OA. The 
total force acting parallel to the master-rod axis at the 
crankpin is F’, which equals the sum of F”,, + F’,, and 
F’.. as in Table 7. The total inertia-force acting nor- 


TABLE 8—INERTIA FORCES DUE TO ROTATING 
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Components F’,¢ and F’ng can now be computed, rela- 
tive to the crank angle considered, and permanently 
recorded by tabulation. From these data, a polar dia- 
gram of the inertia force acting on the crankpin can be 
constructed; or better, if the bearing load is desired 
for operating conditions, the data can be preserved in 
tabular form for a later combination with correlated 
gas-pressure components. Characteristics of the en- 
gine mechanism are thus completely defined, and re- 
verting to the original analysis for inertia-force de- 
terminations is no longer necessary. 

Gas-Pressure Forces.—The theoretical indicator-dia- 
gram for gas pressure is based on the indicated mean 
effective pressure and compression-ratio of the engine. 

i.m.e.p. (792,000 x b.hp.)/(emVtN) 
where 
b.hp. = brake horsepower 
€m —=mechanical efficiency 
i.m.e.p. = indicated mean effective pressure 
N speed of engine 
Vt = total piston displacement of engine 
Hence, substituting the values given in Table 4, we have 
(792,000 «x 630) ~ (0.894 «x 1569.5 «x 2400) 
148.1 lb. per sq. in. 


i.m.e.p. 


The theoretical indicator-diagram is constructed by 
making its indicated mean effective pressure identical 
with that of the given engine, and for this purpose 


END OF LINK ROD IN A CURTISS V-1570 ENGINE 


AT 2400 R.P.M., ALSO FORCE COMPONENTS NORMAL AND PARALLEL TO MASTER ROD 


0 ob’ F’' ey } 
Crank 
Ref- Angle of Acceleration, 


erence Master-Rod, Ft. per Sec. Inertia Force, Moment Arm, 
Point Deg. per Sec. Lb. In. 
Ay 0 17,000 $38 2.82 
Ay 20 18,100 467 5.90 
As +0) 17,960 163 7.92 
As 60 16,620 $28 9.07 
A, go 14,820 82 9.20 
As 100 13,540 349 8.00 
As 120 13,460 347 5.62 
Ay 140 14,180 365 3.01 
Ag 160 15,080 389 0.63 
iy 180 16,020 413 1.52 
A1o 200 16,840 $34 3.46 
Ax 220 17,520 452 5.23 
Ais 240 17,800 459 6.82 
Ais 260 17,260 445 8.22 
Ax 280 15,840 408 9.19 
Ais 300 14,320 369 8.85 
Ag 320 13,840 357 5.95 
Ax 340 15,180 — 391 1.38 


mal to the master-rod axis at the crankpin is F’, or the 
sum of F’,, and F’,;., also from Table 7. These vectors 
are laid out from F”’,. and the resultant F” represents 
one point on the polar diagram of inertia force acting 
on the crankpin for a crank position of 20 deg. as in- 
dicated. Values of inertia forces F’, and F’, are de- 
termined for 20-deg. intervals of crankshaft rotation 
and listed in Table 7. The results are shown graphi- 
cally in Fig. 6 where F’, and F’, are combined graphi- 
cally with F’,. to form the polar diagram of inertia 
force acting on the crankpin. Results are again shown 
in Fig. 7 plotted relative to the crank angle. 

Should the inertia force be required at any other 
speed, it can readily be obtained as follows: 


Let 
N = speed of original analysis 
Na = desired speed 
Then 
F' pa — F’ (Na, N)? 
and 
F' na — F" a (Na N)? 
Also 


F"ca = F’c (Na/N)?* 


Vol. 





xxix, No. 4 


Force Components, Lb. 
fF" F’ ex 
Parallel 


Deg. ¢€, Min. (‘OS €, Normal 
4 0 0.9975 123 — 437 
25 45 0.9007 275 — 420 
44 40 0.7112 367 — 329 
63 45 0.4423 388 -189 
84 20 0.0987 352 — 38 
106 45 0.2882 279 101 
129 00 0.6293 195 218 
147 20 0.8418 110 307 
162 20 0.9528 24 371 
75 50 0.9974 63 412 
188 10 0.9899 150 430 
200 30 0.9367 236 423 
213 40 0.8323 313 382 
928 95 0.6637 66 295 
247 40 0.3800 375 155 
273 45 0.0654 27 24 
206 20 0.5925 212 - 212 
337 40 0.9250 54 — 362 


equations are developed for the indicated mean effective 
pressure of expansion, also for the indicated mean ef- 
fective pressure of compression. The latter is sub- 
tracted from the former and, using suitable constants 
to allow for rounding corners of the diagram, the basic 
relations are established. The indicated mean effective 
pressure of compression is derived as follows: 


Let 
n = exponent of the compression curve 
Pa = pressure in cylinder at beginning of compres- 
sion, absolute 
Pem= indicated mean effective pressure of compres- 
sion, absolute 
r = compression-ratio or Va/V» 
Va = cylinder volume at beginning of compression 
V» = cylinder volume at end of compression 
We = total work of compression 


The increment of work done during compression as 
the piston displaces a small volume dV is dW, = —PdV. 
The pressure P and volume V of the mixture are re- 
lated at each instant according to the law PV" = P," 
or P= P,*V.V*. Hence 
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Vo 
We = — PaVa" V ndV 
Va 


Vo 
= — PaVa . V-8t1/(— 2 + I) 
= [(PaVa")/(m — 1)] [(1/Vo"-1) —(1/Va""1) J 
or 
We = [(PaVa)/(n —1)] [7 **1 —1] 
Now 
Vo = Va/r 
hence 
Va — Vo = Va — (Va r) 
= Va {1 — (1/r)] 
= [Va (r — 1) ]/r 


from which 

Va = (Va — Vo) [r/(r —1)] 
Then by substitution 
We ({Pa (Va — Vo) r]/[(n —1) (r- 
or 
We = ([Pa (Va — Vo) ]/[m —1]) ([r" — r]/[r —1])) 

The indicated mean effective pressure of compression 
is defined as that pressure which, if it remained con- 
stant throughout the compression stroke, the work done 
would exactly equal W,.. That is, since 


1)]) (r" == 1) 


As 


~ ns nat 
” x 7 MMRRLLIA_FORCE ON Cnanepuy 4 
\ \ my / 





xf I PR! = I 


F 1G. 6—POLAR DIAGRAM SHOWING RESULTANT FORCE ON 

THE CRANKPIN AND ITS DIRECTION WITH RESPECT TO 

THE ENGINE AXIS; ALSO THE COMPONENT FORCES DUE 
TO GAS PRESSURE AND INERTIA 





This Diagram Is for the Curtiss V-1570 Engine Which De- 
velops 630 Hp. at a Speed of 2400 R.P.M. The Values of the 
Various Forces and Their Direction Are Tabulated Below 


Force Maximum, Lb. Mean, Lb. Angle, Deg. 
Gas Pressure 10,920 2,010 20 
Inertia 5,940 5,030 210 
Resultant 7,070 5,200 540 
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Fig. 7—GAS-PRESSURE, INERTIA AND RESULTANT FORCES 
ACTING ON THE CRANKPIN OF A CURTISS V-1570 ENGINE 
PLOTTED VERSUS THE CRANK ANGLE 


Va—Vo = (td?l) /4 
Pem[ (7d’l) /4] = We 
Pem[ (4d?l) /4] = ((Pa(7d’l)]/[4(m—1)]) (fr"—1r]/[r—1]) 
Whence 
Poem = (Pa/(m—1]) (fr"—r]/[r—1]) 
For the indicated mean effective pressure of expan- 
sion, let 
n = exponent of expansion curve 
P. = pressure in cylinder at beginning of expan- 
sion, absolute 
Pa = pressure in cylinder at end of expansion, 
absolute 
Pem = indicated mean effective pressure of expan- 
sion, absolute 
r = ratio of expansion or Va/V»p 
’a = cylinder volume at end of expansion 
7» = cylinder volume at beginning of expansion 
We = total work of expansion 


\ 
V 


Assuming the expansion to be adiabatic, its equation 
will be PV" = P.V," or P = P.V,"V", also dW, = PdV, 
and the total work of expansion will be 


Va 
We= pave fi V-"dV 
Vo 


Va 
—e PcVo" V " ‘1 ‘(n = 1) 
b 

— [PcVo"/(m — 1)] [(1/Vo"-1) — (1/Va"-1) ] 

or 
We = (PeVo/[n — 1]) (1 — [1/r"-1]) 

Now V, = Vor, hence 
Va — Vo = Vor — Vo 

= Vo (r — 1) 
from which 

Vo = (Va — Vo)/(r — 1) 


by substitution 
We = ({Pe (Va—Vo) ]/[(m—1) (r—1)]) (Q—[1/r"-1)) 
but P, = Par hence 
We = ({Pa(Va—Vo)]/[m—1]) ({r*—1r]/[r—1]) 
also 
Pem[ (md?) /4] = We 
Pem[(rd’l) /4] = ((Pa(*d’l) ]/[4(m—1)]) (7"—r]/[r—1]) 
from which 
Pem = (Pa/[m—1]) ((1*"—1]/[r—1]) 
If the mean indicated pressure of compression is 


subtracted from that of expansion, the result will equal 
the indicated mean effective pressure of the engine. 
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TABLE 9—GAS PRESSURES IN A CURTISS V-1570 ENGINE 
Gas Pressure, Lb. per Sq. In. 








x Absolute Gage 
Piston 120.83 \1.3 Com- Com- 
Travel, ( ) pres- Expan- pres- Expan- 
Per Cent 2+20.83\ 2+20.83 sion sion sion sion 
0 20.83 9.82 137.5 717.0 122.8 702.3 
10 30.83 5.91 82.8 431.6 68.1 416.9 
20 40.83 4.10 57.4 299.2 42.7 284.5 
30 50.83 3.08 43.1 224.8 28.4 210.1 
40 60.83 2.44 34.2 178.1 19.5 163.4 
50 70.83 2.00 28.0 146.0 3.3 131.3 
60 80.83 1.69 23.7 123.3 9.0 108.6 
70 90.83 1.45 20.3 105.8 5.6 91.1 
80 100.83 1.26 17.6 92.0 2.9 17.3 
90 110.83 1.13 15.7 81.8 1.0 67.1 
100 120.83 1.00 14.0 73.0 0.7 58.3 





| 
| 


Therefore, if the exponent 7 is the same for both com- 
pression and expansion curves, 


i.m.e.p. = Pem — Pem 


= ({Pa—Pa]/(m—1]) ({r"—r]/[r—1]) 
from which 
Pa= ({(m—1) (r—1)]/[r"—17]) (i.m.e.p./fa) + Pua 
where 
fa — the diagram factor that corrects for the reduc- 
tion in area caused by rounding corners of the 
diagram and is a variable that depends upon 
design considerations and ordinarily has values 
ranging from 0.90 to 0.95 


The exponent may actually have different values for 
the compression and expansion curves, although cus- 
tomarily 1.3 is used for both, since this agrees closely 
with exponents obtained from test diagrams. The 
initial pressure in the cylinder P, under normal oper- 
ating-conditions and without supercharging will be 
somewhat less than 14.7 lb. per sq. in., due to losses 
in volumetric efficiency. However, the compression is 
not strictly adiabatic since the charge receives heat 
from the cylinder-walls, and for this reason assuming 
that P, is the pressure existing in the inlet manifold 
under operating conditions, as is done in the present 
case, would be more satisfactory. Hence, taking values 
from Table 4 


Pa = ([{(1.3—1.0) (5.80—1.00) ]/[5.80""—5.80]) 
414.0 
= 73.0 lb. per sq. in. absolute 
The clearance volume can be expressed in per cent of 
the total volume as 
Vo = [1/(r—1)] 100 
= [1/(5.80—1.00) ] 100 
= 20.83 per cent 


(148.1/0.9) 


The gas pressure in pounds per square inch absolute 
for a given per cent piston travel x is for the compres- 
sion stroke 

Pr = Pa [(120.8/ (a + 20.8) ]** 
and for the expansion stroke it is 

Pro = Pa [120.8/(a + 20.8) ]*? 


From the above equations, the gas pressures are ob- 
tained from every 10 per cent of piston travel and abso- 
lute pressures so obtained reduced to gage pressures as 
in Table 9. The indicator diagram, Fig. 8, is con- 
structed by plotting unit gas-pressures from Table 9 
relative to the per cent piston travel as at a-b-c-d. The 
corners of this diagram are rounded, similar to those 
of a test diagram obtained for a cylinder of essentially 
the same size. The maximum gas-pressure attained is 
approximately 75 per cent of the maximum theoretical] 
value, hence this portion of the curve ¢ is rounded ac- 
cordingly. The effect of spark and valve timing is also 
given consideration when rounding corners at a, D 
and d. Values of gas pressures for the intake and ex- 
haust strokes are proportioned from test diagrams, 
although time would be saved and no appreciable error 


\ °) XX LX No 


introduced if these pressures were considered constant 
throughout the respective strokes. A scale showing 
the per cent piston travel for various crank angles is 
also drawn on the diagram so that the unit gas-pressure 
can be determined directly for any crank angle consid- 
ered. Values of the per cent piston travel, relative to 
the master-rod crank-angle, are obtained from Table 5 
for both master and link connecting-rod pistons. Unit 
gas-pressures in pounds per square inch are obtained 
from Fig. 8 for 20-deg. intervals of crank rotation and 
these pressures multiplied by the area of the piston, 
20.63 sq. in., give the total gas-pressure force acting on 
the piston. Results of these calculations are given in 
Table 10. 

Referring now to the firing-order diagram in Fig. 9 
and assuming that the master rod, which is situated in 
the left cylinder-bank, is on top dead-center or at 0 deg. 
and beginning its firing stroke, the relationship of all 
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F1G. 8—INDICATOR DIAGRAM OF THE CURTISS V-1570 ENGINE 


The Following Are the Data from Which the Card Was Plotted 


Indicated Mean Effective Pressure, lb. per sq. in. 148.1 
Compression-Ratio 5.8 31 
Exponent of Expansion and Compression Curves 1.30 
Diagram Factor 0.90 
Maximum Pressure, lb. per sq. in. 526 


cylinders in the engine cycle will be as follows: 1L is 
at 0 deg., 2L is at 240 deg., 3L is at 480 deg., 4L is at 
120 deg., 5L is at 600 deg. and 6L is at 360 deg.; also 
1R is at 300 deg., 2R is at 540 deg., 3R is at 60 deg., 
4R is at 420 deg., 5R is at 180 deg. and 6R is at 660 deg. 
This shows that cylinders operating on one crankpin 
differ in phase by 300 deg., that is, when the master- 
rod cylinder is at 0 deg., the corresponding link-rod 
cylinder has passed through 300 deg. in its cycle. In 
general, this is the relation of gas pressures as listed 
in Table 10, except for a slight variation in pressures 
of the link-rod cylinder, due to the altered motion of its 
piston. 

Components of gas-pressure 


the 
crankpin are derived as follows: 


force acting on 


Master-Rod Cylinder.—F”, = 20.63p”, and F's 
F”’, sec %; also F'n = F"’, tan o> 
Link-Rod Cylinder.—F”, = 20.63p”, and F’" 
F", sec $1; also F's. = F’, tan 9, 
FP"; = F"'» cos 4, 
— F’’, (see ¢; cos 5;) 
= F’'\kp 


Fr’. or P’*,. — F"'..(W L) 


= F”; [sec ¢, (W/L)] 
— F'.kn 

F'".s5 = F"'» (X/L) 
= F”, [sec ¢, (X/L)] 


it 


is 


;0 
0 
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TABLE 10—GAS-FORCE COMPONENTS ACTING NORMAL AND PARALLEL TO THE MASTER-ROD AXIS 
AT THE CRANKPIN OF A CURTISS V-1570 ENGINE 














—————_—— Master Rod————__,, - —Link Rod Both Rods ——fS 
0 Pp" p Fs Sec do Fon Pp"; F”; kn kp F's F'n hp 
Force Combined 
Gas Connect- along Con- Gas Component Forces 
Crank Pressure, Gas ing- necting- Pressure, Gas Parallel Normal Acting Parallel 
Angle, Lb. per Force, Rod Rod Axis, Lb. per Force, Force, Force, to Master-Rod Axis 
Deg. Sq. In. Lb. Angle Lb. Sq. In. Lb. Normal Parallel Lb. Lb. at Crankpin, Lb. 
0 145.0 2,992 1.000 2,992 1.9 39 0.980 0.2088 8 38 3,000 
20 526.0 10,860 1.006 10,920 0.5 10 0.958 0.1565 2 10 10,922 
40 340.0 7,020 1.021 7,165 — 0.5 —10 0.939 0.1520 —2 --4 7,163 
60 205.0 4,232 1.039 4,400 — 1.0 — 21 0.930 0.1987 —4 — 20 4,394 
80 134.0 2,767 1.051 2,907 — 2.8 — 58 0.932 0.2852 —17 — 54 2,890 
100 97.0 2,002 1.051 2,103 — 5.5 —113 0.934 0.4095 — 46 — 106 2,057 
120 77.0 1,588 1.039 1,650 — 5.5 —113 0.927 0.5575 — 63 — 105 1,587 
140 $0.0 826 1.021 843 — 4.8 — 99 0.894 0.7000 — 69 — 89 774 
160 10.0 206 1.006 207 — 3.5 — 72 0.882 0.8120 — 58 — 64 149 
180 2.0 41 1.000 41 — 2.4 — 50 0.782 0.8480 — 42 — 39 —1 
200 2.1 43 1.006 43 —1.5 — 31 0.734 0.8760 — 27 — 23 16 
220 2.3 47 1.021 48 — 0.9 —19 0.714 0.8480 — 16 —14 32 
240 2.6 54 1.039 56 — 0.7 —14 0.730 0.8000 —l1l1 —10 45 
260 2.9 600 1.051 63 — 0.4 8 0.774 0.7361 — 6 —6 57 
280 a2 58 1.051 61 0.7 14 0.838 0.6525 9 12 70 
300 1.9 39 1.039 41 2.8 58 0.906 0.5455 32 53 73 
$20 0.5 10 1.021 10 7.5 155 0.961 0.4218 65 149 75 
340 0.5 -10 1.006 —10 14.0 372 0.985 0.3020 112 368 102 
360 1.0 — 21 1.000 — 31 28.0 578 0.980 0.2088 121 566 100 
280 2.8 58 1.006 — 58 55.0 1,135 0.958 0.1565 178 1,088 120 
400 5.5 113 1.021 —115 95.0 1,960 0.939 0.1520 298 1,841 183 
420 5.5 113 1.039 —117 145.0 2,992 0.930 0.1987 595 2,785 478 
440 1.8 — 99 1.051 — 104 520.0 10,740 0.932 0.2852 3,063 10,010 2,959 
460 3.5 — 72 1.051 — 76 357.0 7,370 0.934 0.4095 3,020 6,890 2,944 
480 -2.4 — 50 1.039 — 52 211.0 4,358 0.927 0.5575 2,430 4,040 2,378 
500 1.5 -3 1.021 — 32 136.0 2,808 0.894 0.7000 1,966 2,510 1,934 
520 — 0.9 19 1.006 —19 98.0 2,022 0.882 0.8120 1,642 1,784 1,623 
540 et = 14 1.000 —i14 74.0 1,527 0.782 0.8480 1,295 1,195 1,281 
560 = —§ 1.006 —S8 34.0 702 0.734 0.8760 617 517 609 
580 0.7 14 1.021 14 10.0 206 0.714 0.8480 175 147 189 
600 2.8 58 1.039 60 2.0 41 0.730 0.8000 33 30 93 
620 6.7 138 1.051 145 2.1 43 0.774 0.7361 32 33 177 
640 13.9 287 1.051 302 2.3 47 0.838 0.6525 31 39 333 
660 27.5 568 1.039 590 2.6 54 0.906 0.5455 29 49 619 
680 53.4 1,102 1.021 1,125 2.9 60 0.961 0.4218 25 58 1,150 
TOO 98.0 2.022 1.006 2,035 2.8 58 0.985 0.3020 18 57 2,053 








The total gas-force acting parallel to the master-rod dicular respectively to corresponding positions of the 
axis at the crankpin is F”, which is the sum of F”,, master rod, for each of the crank angles considered. 
and F’”’,, as in Table 10. The total and only gas force A curve drawn through points so found represents the 
acting normal to the master-rod axis at the crankpin polar diagram of gas forces acting on the crankpin. 


is F”, also listed in Table 10. Referring to Fig. 6, In Fig. 7, the total gas-force acting on the crankpin is 
these vectors F’, and F”,, from Table 10, are laid out again shown plotted versus the crank angle. 


from the center of the diagram, parallel and perpen- The total resultant force acting upon the crankpin is 
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FIG. 9—CRANK ARRANGEMENT, CYLINDER NUMBERING AND FIRING-ORDER DIAGRAM FOR AMERICAN 12-CYLINDER V-ENGINES 
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obtained by adding algebraically the components due 
to gas pressure and to inertia for each of the crank 
angles considered. Hence, F, = F’,+F”, and F,= 
F’, + F”’, as in Table 11. These component forces, 
together with the centrifugal force F’. are laid out, in 
identically the same manner as for inertia forces, to 
form the polar diagram showing resultant force acting 
on crankpin and direction with respect to engine axis, 
as in Fig. 6. In Fig. 7, the total resultant-force is 
plotted relative to the crank angle. Maximum forces 
acting on the crankpin are scaled from the polar dia- 
gram Fig. 6, whereas the mean forces are obtained by 
planimeter from Fig. 7. These results are noted on the 
curves and are also given in Table 12 which is a sum- 
mary of the entire bearing-analysis. The unit bearing- 
pressures are obtained by dividing maximum and mean 
loads by the net projected-area of the bearing, the latter 
being computed from the straight portion only, omit- 
ting fillets. Hence, for the resultant forces at 2400 
r.p.m., 7070 lb. maximum and 5200 lb. mean respec- 
tively, the unit pressures are 


Maximum unit bearing-pressures, 

- 2154 lb. per sq. in. 

Mean or average unit bearing-pressure, 
5200/3.28 = 1585 lb. per sq. in. 


pm = 7070, 3.28 


Pa = 


The rubbing factor is computed by multiplying mean 
unit bearing-pressure in pounds per square inch by the 
rubbing velocity in feet per second and is usually abbre- 
viated, pounds-feet per second or simply pv factor. It 
was formerly thought to represent in a general way the 
severity of service to which a bearing was subjected 
and was so used by designers, but, of late, the tendency 
to regard it merely as a factor that indicates roughly 
the heat developed by the bearing appears to be grow- 
ing. We do not desire to place undue emphasis on this 
factor for bearing-design purposes but rather to call 


TABLE 


11—RESULTANT COMPONENTS ACTING NORMAL AND 


PARALLEL TO THE MASTER-ROD AXIS AT THE CRANKPIN OF A 
CURTISS V-1570 ENGINE AT A SPEED OF 2400 R.P.M. 


_ Force at Crankpin, Lb 
Normal Parallel Sum of Components 
0 F”, 























F'n Fp Fp F F 
Master- ‘i sf 
Rod 
Angle, Gas Gas 
Deg. Pressure Inertia Pressure Inertia Normal Parallel] 
0 38 743 3,000 3.329 705 == 899 
20 10 735 10,922 3,162 1,725 7,760 
+0 9 2,487 7,163 2,453 2.496 4.710 
60 WAL 2.769 4,394 1,452 2,789 2,942 
0 4 2,615 2 S90 $40 2.669 2,450 
100 - 106 1,999 2.057 401 2.105 2 458 
120 — 105 1,051 1,587 1,129 1,156 2.716 
140 89 72 774 1,954 17 2,728 
160 64 862 19 2,656 798 2 805 
180 39 1,247 l 3,141 1,208 3,140 
200 9 1,363 16 347 1,340 3,363 
220 14 1,377 32 283 1,363 3,315 
240 10 1,416 15 5,016 1,406 061 
260 6 1,463 57 2,090 1,457 2.449 
280 12 1.46 70 1,294 1,475 1,364 
o00 o3 1,337 7 170 1,390 — 97 
320 149 955 7 1,667 1,104 1,592 
340 368 254 102 2,804 622 “, 
260 66 743 10 ,o29 177 3, 
380 1,088 1.735 120 162 647 3. 
100 1,841 2,487 183 2,453 646 2,270 
120 2,785 2,769 178 1,452 16 974 
140 10,010 2,61 2,900 140 7,395 2,019 
160 6,890 1,999 2,944 401 4,891 3,345 
180 1,040 1,051 2.378 1,129 2,989 07 
500 2.510 TZ 1,934 1,954 2,582 3,885 
520 1,784 862 1,62 2,656 2,646 r 
540 1,195 1,247 1,281 3,141 2,442 »42 
60 517 1,363 609 3,347 1,880 , 
80 147 1,377 189 283 1,524 3,472 
600 30 1.416 ) 016 1,446 109 
620 1,463 177 2,392 1,496 2,569 
640 39 1,463 1,294 1,502 1,627 
660 1% 1,337 619 170 1,38¢ 449 
680 58 955 1,150 1,667 1,013 517 
700 7 254 2,9 804 11 751 
, 540 
360 — 
600 = . S2t 
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Fic. 10—PoLAR DIAGRAM OF FORCES IN A CURTISS 





FORCE SCALE-POUNDS 


V-1570 ENGINE 





The Diagram at the Left Is for the Forces Acting on the Master Connecting-Rod and That at the Right Is for Those Acting on the 


Crankpin and Shows Their Magnitude and Direction with Respect to the Crank Throw. 
a Speed of 2400 R.P.M. 


ment of 630 Hp. at 
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Both Diagrams Are for a Power Develop- 
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ND — — nents and calculate new centrifugal force; also con- 
1 struct new indicator diagram and carry through calcu- 


lations, similar to Table 10. Corresponding gas-pres- 
sure and inertia-force components can then be added 
and the polar diagram of resultant force drawn. 











nts . " ° 
A polar diagram of forces acting on the master con- 
necting-rod is shown in the left view of Fig. 10, which 
is from an early bearing-analysis of the Curtiss V-1570 
lle] engine, worked out by the standard graphical method, 
aoe but in the other view these same forces are shown rela- 
710 tive to the crank throw. A diagram showing compara- 
Hep tive wear on the crankpin of the same engine is pre- 
se sented in Fig. 11. This was constructed by plotting a 
vd . . . ° ° 
716 series of rings whose radial thickness represented the 
128 force to a scale of 50,000 lb. per in. Each ring was then 
do . . . . . 
+4 laid out on a 180-deg. arc, the mid-point of which was 
- on a line through the crankpin center, in the direction 
315 of the force given by polar diagram at the right of 
cas Fig. 10. The summation of these rings produced the 
364 shaded area, whose ordinates are proportional to the 
97 force multiplied by time. The product of force and 
$e time can be assumed to represent wear. The crankpin 
299 oil-hole of this engine is on the crank axis, radially out 
D42 from the center and falls within the low-pressure area 
B70 of the diagram. The present location should be satis- 
19 factory, but if the oil hole were moved around 60 deg. 
+ in the direction of rotation, the latter position would 
07 — a ° ° 
be less favorable for dirt and sediment to pass directly 
79 into the bearing. Fig. 12 shows how the oil is fed from 
122 main journals to crankpins by a small tube. Some engine 
++: designers prefer oil plugs to the scheme shown on the 
sia Fig. 11—DIAGRAM SHOWING COMPARATIVE WEAR ON THE _ score of better thermal conditions which are thought to 
569 CRANKPIN OF A CURTISS V-1570 ENGINE exist with the crankpin filled with oil. 
+44 Piston Side-Pressure.—The pressure due to inertia 
17 attention to the wide variation in it as found to exist force can be determined from Fig. 5 as follows: 
51 for many of the modern aircraft engines. Lick tet. —*.. = Bs 
; Te * r 9v@ a iaiel - > 
, Rubbing velocity = ™DN/(12 x60) = F’; tan ¢, 
where ae Master Rod.—P’, = F'ce + F'ss + F'ess 
D = diameter of journal 2.5 in. where 
y - =nee — 2 . > . “ 
N ‘Speed = 2400 r.p.m. F";s = F’; (sec ¢; [X/L]) 
Substituting these numerical values, we have Fos = F’e. (U/L) 
Rubbing velocity = (7x 2.5 x 2400) /(12 x 60) F'we = F", tan ¢, 
26.18 ft. per sec. Side pressures due to gas forces are related in a 
Hence me similar manner, hence 
pv = 1085 X 26.18 Link Rod.—P”, = F's 
41,500 lb-ft. per sec. ; — J". ton @ 
After the first exact analysis of crankpin loads has Master Rod.—P”""., = Fw + F's 
» been completed, subsequent analyses at different speeds where 
and indicated mean effective pressures can be obtained FF" = F". tan 9%, 
readily as follows: Tabulate new inertia-force compo- F'"';; = F”; (sec ¢; [X/L]) 
40 ‘um aes = aa - ‘ ———— 
TABLE 12—SUMMARY OF RESULTS OF EXACT BEARING-ANALYSIS OF A CURTISS V-1570 CONQUEROR 
ENGINE DEVELOPING 630 B.HP. AT 2400 R.P.M. 
pv 
Net Rubbing Unit Pressure, Rubbing 
Engine Bearing Dimensions Projected- Velocity, Lb. per Sq. In. Factor, 
Speed, Effective Diameter, Area, Ft. Force, Lb. pm pa Lb-Ft. 
Bearing R.P.M. Length, In. In. Sq. In. per Sec. Maximum Mean Maximum Mean per Sec. 
Engine Firing—Load Due to Inertia and Gas Pressure 
Crankpin 2,400 ) ( 26.18 7,070 5,200 2,154 1,585 41,500 
2.700 1,391 2.500 3.28 , 29.46 8,550 6,240 2,605 1,900 56,000 
3,000 | 32.73 10,200 7,500 3,110 2,285 74,800 
End Main 2,400 ( 36.67 5,030 3,900 1,112 863 31,600 
2,700 } 1.344 3.500 4.52 4 41.25 6,185 4,925 1,368 1,089 44,950 
3000 | 45.83 7,470 6,120 1,652 1,352 62/000 
Intermediate Main 2,400 } { 36.67 6,800 4,280 1,504 948 34,700 
2;700 } 1.344 3.500 4.52 1 41.25 8,030 5,310 1,725 1,175 48.500 
3,000 | 45.83 9,290 6,300 2,053 1,39: 63,900 
Center Main 2,400 ( 36.67 9,460 7,430 ,754 1,377 50,500 
2'700 | 1.594 3.500 5.39 4 41.25 11,780 9.565 2°187 1,774 73,200 
| 3,000 | 45.83 14,470 11,950 2,685 2,218 101,600 
i Engine Not Firing—Load Due to Inertia Force Only 
Crankpin 2,400 1.391 2.500 3.28 26.18 5,940 5,030 1,810 1,534 40,100 
he i End Main 2,400 1.344 3.500 4.52 36.67 4,530 4,070 1,002 900 33,000 
Intermediate Main 2,400 1.344 3.500 4.52 36.67 4.840 4,070 1,060 900 33,000 
D- Center Main 2,400 1.594 3.500 5.39 36.67 9,060 8,140 1,682 1,510 55,400 
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Total side-pressure is the sum of those due to inertia 
and gas-pressure forces. Therefore 

Link Rod.—P, = P’; + P": 

Master Rod.—P, = P’,+ P’. 


Side-trust components F”,,, F’c.; and F”, are slightly 
in error, since these forces act normal to the master 
rod instead of to the cylinder axis. 

Resultant Forces on Crankpin at 2400, 2700 and 
3000 R.P.M.—To determine the variation in bearing 
load with speed, 2700 and 3000 r.p.m. were chosen as a 
basis and loads worked out accordingly. The indicated 
mean effective pressure was assumed the same for all 
speeds, namely 148.1 lb. per sq. in. Fig. 13 shows the 
resultant polar diagram which is constructed by adding 
the proper increment of inertia force to the resultant 
force at 2400 r.p.m. This increment for 2700 r.p.m. 
is 1—(2700/2400)* = 0.265 and for 3000 r.p.m. is 
1 — (3000/2400)* = 0.5625. By a proportionality dia- 
gram (see Fig. 2), the magnitude of this increment is 
determined graphically for each of the crank positions 
considered. Its direction being given by Fig. 6, it can 
then be set off as in Fig. 13. Loads so determined are 
given in Table 12. 

Resultant Force on Crankshaft Main-Bearings.—The 
load distribution on the crankshaft bearings depends 
upon the rigidity of the crankshaft and crankcase, the 
alignment of the bearings and the clearances between 
the journals and the bearings. Since these factors can- 
not be predetermined, making an exact analysis of the 
load distribution between the various crankshaft bear- 
ings is impossible where more than two are employed. 

The following empirical method is in common use 
for computing the forces acting on the main bearings 
of a crankshaft where a main bearing is located at each 
side of the crankpin. The forces acting on the crank- 
shaft bearings are obtained by considering the force at 
the crankpin together with the centrifugal force re- 
sulting from the weight of the crankpin and crank 
cheeks to be divided equally between the two crank- 
shaft bearings at each side of the crankpin. 

End Main-Bearings.—The end bearings are loaded on 
only one side by half the force on the crankpin com- 
bined with half the centrifugal force due to the crank- 
pin and crank cheeks of the crank throw. Fig. 14 shows 
the method of constructing polar diagrams of forces 
acting on the crankshaft main-bearings. Dimensions 
of the crank throw are given in Fig. 12, from which the 
required centrifugal force is computed. The equivalent 
weight at the crank radius is determined first. One- 
half the crankpin weight is found to be 0.98 lb. and the 
radius to its center of gravity, by taking moments about 
crankshaft center, is 3.103 in., hence the equivalent 
weight at crank radius is (0.98 « 3.103) /3.125 = 0.974 
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Fic. 12—INTERMEDIATE CRANK THROW OF THE CURTISS V-1570 ENGINE 
This Engine Is 12-Cylinder 60-Deg. V-Type with a Bore of 5% In. and a Stroke of 64 In. 
at a Speed of 2400 R.P.M. 


It Is Rated at 630 Hp 
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mo 2400 RPM MAK FORCE = 7070 18 MEAN FORCE = 5200 4B 
===> 2700 APM. MAX. FORCE = $550 (8 MEAN FORCE = 6240 .8. 





o-——— 350p Bn ube Ponce ouene La oman renee = nee 18 
Fig. 13—POLAR DIAGRAM SHOWING THE MAGNITUDE OF THE 
RESULTANT FORCES ACTING ON THE CRANKPIN OF A CURTISS 
V-1570 ENGINE AT SPEEDS OF 2400, 2700 AND 3000 R.P.M. 
AND THEIR DIRECTION WITH RESPECT TO THE ENGINE AXIS 





lb., since the centrifugal force developed varies directly 
with the radius to the center of gravity. The center of 
gravity of the crank cheek about the crankshaft center 
can be determined, preferably 
by first considering it as solid 
and having uniform thickness 
and correcting for chamfers 
and the like afterward. A 
model of the crank cheek can 
be cut out of stiff cardboard 
and balanced on a knife edge 
or triangular scale to find its 
center of gravity. The area is 
then found by a planimeter, 
and the volume computed, 
which fixes the total moment. 
In the present case, moments 
were taken about the lower 
edge of the crank cheek adja- 
cent to the main journal and 
detail calculations are as fol- 
lows: 


The area of a solid sec- 
tion of constant thickness is 
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Fic. 14—METHOD OF CONSTRUCTING POLAR DIAGRAMS OF THE FORCES ACTING ON THE MAIN BEARINGS OF A CURTISS V-1570 
ENGINE 


20.99 sq. in., the volume is 20.99 cu. in. and the dis- 
tance to the center of gravity is 3.21 in.; hence the 
total moment equals 20.99 « 3.21 = 67.40 in.” The 
following parts are to be deducted: 


Journal (7/4~x (3.5)?«1.0 = 9.62 cu. in. 1.766 in. 

= 16.98 in.’ 

Crankpin Hole.(7/4) x (1.25)? « 1.0 = 1.227 cu. in 

< 4.953 in. = 6.08 in." 

Top Chamfer 0.85 cu. in. x 5.910 in. = 5.02 in.* 
The sums of these deductions are 11.697 cu. in. for 
volume and 28.08 in.* for moments, which gives an 
actual volume of 9.29 cu. in. and an actual moment of 
39.32 in.*. 

Weight = 9.29 x 0.283 = 2.63 lb. 

Distance to center of gravity = 39.32/9.29 = 4.232 
in. 

Radius to center of gravity — 4.232 — 1.766 = 2.466 
in. 

Equivalent weight at crankpin — 2.63 (2.466/3.125) 
= 2.076. lb. 

Equivalent weight at crankpin due to one-half of 
pin and one cheek = 0.975 + 2.075 = 3.05 lb. 

Centrifugal force = 28.4 x 10° WRN’, hence for a 
speed of 2400 r.p.m. 

Fc = 28.4 x 10° x 3.050 x 3.125 «x (2400)? 
= 1560 lb. 
For 2700 r.p.m. 
F’- = 1560 [(2700)?/(2400)*] 
= 1975 tb. 
For 3000 r.p.m. 
Fe = 1560 [ (3000) ’/ (2400) *] 
= 2440 lb. 


The drawing at the left of Fig. 14 illustrates the 
method used for constructing: the end main polar dia- 
gram of resultant force at an engine speed of 2400 
r.p.m. Here, the broken line is a part of the polar dia- 
gram of resultant force on crankpin from Fig. 6 and 
is considered to represent, by doubling its original scale, 
the crankpin force allotted to the end main-bearing. 
For the example given, the original scale of crankpin 
forces was 1000 lb. per in., hence the scale of this same 
curve to represent end main-bearing forces in Fig. 14 
would be 500 lb. per in. The centrifugal force 1560 lb. 
acts at each instant along the crank axis and is also 
laid out to a scale of 500 lb. per in. This force is added 
graphically to the crankpin force as at 0 deg. by con- 
structing the parallelogram of forces, or more simply 
by adding it as a vector. The resultant force acting 
on the end main-bearing is thus determined, at a crank 
angle of 0 deg., but to a scale of 500 lb. per in. The 
bisecting point of a line from the outer point at 0 deg. 


to the center of the diagram will represent the resultant 
force to the original scale, 1000 lb. per in. This same 
procedure is carried out successively for each of the 
crank intervals considered throughout the entire cycle 








F1G. 15—POLAR DIAGRAM OF THE INERTIA FORCE ACTING ON 
THE MAIN BEARING OF A CURTISS V-1570 ENGINE 
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of 720 deg. of crankshaft rotation. The outer dotted 
curve shows a portion of the polar diagram of resultant 
force on the end main-bearing to a scale of 500 lb. per 
in., whereas the heavy continuous inner curve shows it 
to a scale of 1000 lb. per in., as for the crankpin forces 
of Figs. 6 and 13. 

The total inertia-force acting on the end main-bear- 
ing is shown in Fig. 15 for 2400 r.p.m., and Fig. 16 is 
a series of polar diagrams showing the resultant force 
acting on the end main-bearing at speeds of 2400, 2700 
and 3000 r.p.m., unit bearing-pressures for these con- 
ditions being given in Table 12. 

Intermediate Main-Bearings.— The intermediate 
bearings are loaded on both sides by half the force on 
adjacent crankpins combined with half the centrifugal 
force due to the crank throw. A further consideration 
shows that the forces of two end-main polar-diagrams 
can be combined in constructing the diagram of forces 
acting on the intermediate bearing, provided the forces 
are combined in the correct phase relative to the engine 
cycle. This phase difference is 240 deg. as determined 
from the firing order and the crank arrangement, 
Fig. 9. 

The central drawing of Fig. 14 illustrates the method 
used for constructing the intermediate-main polar-dia- 
gram of resultant force at an engine speed of 2400 
r.p.m. Here, the light line represents selected por- 
tions of the polar diagram of resultant force on the 
end main-bearing to a scale of 500 lb. per in. The re- 
sultant force acting on the intermediate main-bearing 
at a crank angle of 0 deg. is determined by construct- 








Sen 2400 FFM MAX FORCE = $030 8S MEAN FORCE= 3900 185 
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Fic. 16—POLAR DIAGRAM SHOWING THE MAGNI- 

TUDE OF THE RESULTANT FORCE ON THE END 

MAIN-BEARING OF A CURTISS V-1570 ENGINE AND 

Its DIRECTION WITH RESPECT TO THE ENGINE 
AXIS AT 2400, 2700 AND 3000 R.P.M. 
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FIG. 17—POLAR DIAGRAM SHOWING THE MAGNITUDE OF 

THE RESULTANT FORCE ACTING ON THE INTERMEDIATE 

MAIN-BEARING OF A CURTISS V-1570 ENGINE AND ITs 

DIRECTION WITH RESPECT TO THE ENGINE AXIS AT 2400, 
2700 AND 3000 R.P.M. 


ing a parallelogram of forces, thus combining the end- 
main forces that occur at 0 and 240 deg. By this 
method the resultant force is obtained, but to a scale 
of 500 lb. per in. A diagonal drawn from 0 to 240 deg. 
bisects the resultant-force vector, and the point so ob- 
tained is marked 0 deg., since it is now represented to 
the scale of the other diagrams, 1000 lb. per in. In 
practice, the parallelogram of forces is dispensed with, 
points 240 deg. apart being connected by a straight line, 
the mid-point of which gives the required resultant- 
force to the desired scale. This procedure is carried 
out successively for each of the crank intervals consid- 
ered throughout the engine cycle, and a curve through 
the points so found is the polar diagram of forces acting 
on the intermediate bearing, a portion of which is shown 
by the heavy continuous line. If the crank positions 
are indicated as outlined above, they will refer to the 
rear crankpins adjacent to intermediate bearings Nos. 
2 and 3, but in the case of bearings Nos. 5 and 6 they 
will refer to the front adjacent crankpins. 

The total inertia-force acting on the intermediate 
main-bearing is shown in Fig. 15 for an engine speed 
of 2400 r.p.m., whereas in Fig. 17 the resultant force 
is shown for engine speeds of 2400, 2700 and 3000 r.p.m., 
unit bearing-pressures for these conditions being given 
in Table 12. 

Center Main-Bearings.—The drawing at the right of 
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Fig. 18—-POLAR DIAGRAM SHOWING THE MAG- 

NITUDE OF THE RESULTANT FORCE ON THE CEN- 

TER MAIN-BEARING OF A CURTISS V-1570 EN- 

GINE AND ITS MAGNITUDE WITH RESPECT TO 

THE ENGINE AXIS AT 2400, 2700 AND 3000 
R.P.M. 
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Fig. 14 illustrates the method used for constructing 
the center-main polar-diagram of resultant force at an 
engine speed of 2400 r.p.m. This method is similar to 
that used for the intermediate bearings, but in this 
case the end-main forces differ in phase by 360 deg. 
(See Fig. 9). 

As was the case with the drawings for the intermedi- 
ate bearing, light lines represent portions of the end- 
main diagram to a scale of 500 lb. per in. A heavy 
continuous line is drawn through the bisecting points 
of lines connecting crank positions 360 deg. apart to 
form the polar diagram of resultant force acting on the 
center main-bearing. 

Total inertia-force acting on the center main-bearing 
is shown in Fig. 15 for an engine speed of 2400 r.p.m., 
and polar diagrams of the resultant force are shown in 
Fig. 18 for engine speeds of 2400, 2700 and 3000 r.p.m., 
unit pressures likewise being given in Table 12 which 
also summarizes the final results. 

For design purposes, considering bearing loads alone, 
we doubt if the greater complication and time required 
for the exact method, as compared with the standard 
method, justify its use for analysis. However, for such 
matters as engine balancing or connecting-rod and 
crankshaft stresses, in engines with very low weight 
per horsepower, the exact method presents a complete 
and workable means of solution, when articulated con- 
necting-rods are employed. It will, in all cases, give 
the designer a very thorough conception of the nature 
and magnitude of the forces for which he must pro- 
vide. Furthermore, with the connecting-rod axes pass- 
ing through the crankpin center at all crank angles, as 
in the forked-rod construction, the standard method of 
analysis is satisfactory and may be considered an exact 
solution. Evidently, work of the exact analysis would 
be somewhat simplified if the rotating weight of the 
link rod were to be added to that of the master rod and 
the whole treated as a rotating mass at crank radius. 
Considerable time would thus be saved, particularly for 
a radial-engine analysis, and with small error in the 
final results. 

(To be concluded) 





Airplane and Instrument-Board Vibration 
(Concluded from p. 279) 


definitely specified, and unless these test stands 
are periodically checked by some device such 
as the vibrograph. 

(8) The vibrations of instrument-boards during ac- 
tual flight are different from vibrations pro- 
duced artificially on the test stands as men- 
tioned in (7). 


It also appears that it is reasonable to expect an air- 
plane to be designed so that the vibration amplitude in 
the flight range will not exceed 0.25 mm. To provide 
a reasonable margin for satisfactory instrument per- 
formance, it is also reasonable to suppose that instru- 
ments should be constructed so that they will have 
neither hand vibration, error from vibration, nor de- 
terioration, at frequencies up to 2500 cycles per min. 
and amplitudes up to 0.50 mm. 

In addition, it seems that the vibrograph offers to 
airplane manufacturers a means and a method of de- 
termining and correcting faults in airplane construction 
which result in excessive vibration. Through a combined 
application of the vibrograph records and the mathemat- 
ical analysis already indicated for examining the rela- 


tion between engine and engine-mount rigidity, and 
by repeating vibration tests after each experimental 
change of structure, it appears possible to eliminate 
excessive vibration within the range of operating speeds. 

The author acknowledges indebtedness to the public 
agencies, the commercial organizations and the indi- 
viduals who made suggestions and otherwise cooperated 
in the development of the problem and in particular to 
Dr. W. G. Brombacher of the Bureau of Standards. 
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Utilization of Motor- Trucks 


Semi-Annual Meeting Paper 


HE FOLLOWING paper was prepared and pre- 

sented by the author through cooperation of the 
National Electric Light Association with the Society 
of Automotive Engineers. The subject was assigned 
to the author by the chairman of the Motor Transpor- 
tation Committee of the Association. It has been 
discussed in a general way in a subcommittee report.’ 

The purpose of the report was to indicate those 
operating methods which enable the minimum number 
of owned trucks to perform the maximum volume of 
transportation work consistent with a high standard 
of service, and to indicate the most economical ratio 
between owned and hired equipment in the fulfilling 
of all transportation requirements. It was felt that 
the report could not best serve its purpose if an at- 
tempt were made to set forth exact rules or proced- 
ures for accomplishing desirable economy and effi- 
ciency in the use of equipment, as circumstances in 
one locality may call for operating methods which 
would prove impracticable or uneconomical in an- 
other, and the transportation requirements of even a 
single company are continually changing so that pro- 
cedures must be flexible and capable of accommodat- 
ing themselves to change. 

Although highway improvement in the last decade 


unit, measuring its utility by the amount of work 

performed and dealing with it more as a trans- 
port unit than as a portable power-unit. It covers the 
utilization of motor-trucks in the public-utility field as 
it applies to our subsidiary or associated companies, 
which comprise some 200 electric, gas, ice, water, coal, 
railway and bus enterprises. 

Keeping records on the operation of motor-trucks 
has been our company’s policy for several years. A 
comparison of the operating cost for the last two years 
is made in Table 1, which shows an increase of 18.2 
per cent in the number of motor-trucks and an increase 
of 18.5 per cent in the number of truck miles operated, 
with a concomitant increase in cost of only 5 per cent; 
hence, we logically assume an improvement in fleet- 
operating efficiency. The money saved is a measure of 
the performance and importance of motor-trucks in the 
various enterprises; further, it demonstrates the im- 
portance of improving their utilization so that they do 
more work for the same or for less money. Fig. 1 
shows that this fleet’s truck cost per mile and per ton- 
mile for the last four years has decreased, while the 
miles per truck increased each year. Since many re- 
gard motor-truck mileage as a measure of performance, 
the fleet’s work-capacity evidently increased. 


Comparable Records Are Essential 


(Pranit PAPER treats the motor-truck as a work- 


Economic utilization of motor-trucks necessitates 
keeping records that serve in some manner as a meas- 
ure of performance. To make these records compar- 
able, it is desirable to decide on some unit, such as cost 


1M.S.A.E.—Manager, automotive and transportation department, 
Middle West Utilities Co., Chicago. 

2See Report on Utilization of Transportation Equipment by a 
subcommittee of the Motor Transportation Committee of the Na- 
tional Electric Light Association. 


By A. H. Gossard’ 


increased greatly the motor-truck’s field of useful- 
ness, operating economies can still be obtained by the 
application of principles that lead to efficient utiliza- 
tion. These principles are difficult to apply, because 
many transportation departments do not have control 
over motor-truck usage and in many cases the truck 
has become a specialized work-unit that has a greater 
advantage as a portable power-unit than as a trans- 
port unit. The present paper treats it as a work-unit. 

Because the demand for motor-truck transportation 
in industry varies with the seasons and with condi- 
tions within certain industries, it is difficult for trans- 
portation departments to meet the peaks and level 
up the valleys of demand. A great amount of such 
transportation is furnished as “hired service” from 
contractors. Some companies prefer to contract all 
motor-truck service, but others provide all of it with 
company-owned trucks. When to use the contract 
service and when to provide all service by company- 
owned equipment is a question that puzzles many 
business executives. Factors leading to the solution 
of this problem are touched upon in the paper, in- 
cluding economies to be obtained by increasing the 
work capacity of the motor-truck or improving the 
load factor on a fleet of trucks. 


per mile, cost per ton-mile, cost per truck or cost per 
day, as a basis. We use cost per mile and cost per ton- 
mile. Twice yearly all our companies are furnished 
with comparable costs that cause each to compete for 
economical motor-truck operation with the other com- 
panies. This semi-yearly report presents standards of 
performance, and each company is encouraged to become 
the standard-bearer; the companies seem not content 
merely to be “average” companies, but exhibit a genu- 
ine desire to lead. 

The records begin with a daily or a semi-monthly re- 
port for each truck, usually compiled by the local office 
in each town. This is forwarded to the purely super- 
visory division office, thence to the general office of the 
particular company where it is summarized in one 
report, and thence to our Chicago headquarters. Each 
company’s general office encourages division competi- 
tion within the company by sending back each month a 
summary of operating costs by divisions. It seems 
necessary to us to keep operating-cost records if other 
principles of efficient operation are to be applied. 


Dispatching and Equipment Pooling 


Good dispatching is the key to efficient and econom- 
ical use of motor-trucks. This means a high standard 
of service, with trucks scheduled and routed so as to 
reach the places where they are required at the time 


TABLE 1—COMPARISON OF TRUCK-FLEET OPERATION AND COST 


FOR TWO YEARS 
Increase, 
Per Cent 
3,065 18.2 
28,040,796 18.5 
$2,219,287.50 5.0 


1929 
2,608 
23,697,635 


$2,108.017.65 


1930 
Number of Trucks? 
Miles Operated 
Operating Cost 


“Increase in number 


of trucks was caused mostly by additional 
companies acquired. 
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they are expected. In a broad sense, dispatching in- 
cludes the assignment of all equipment to the various 
transportation tasks which make up the day’s work; it 
means maintaining maximum load-factors on all equip- 
ment, which minimizes the capital investment in equip- 
ment. Each motor-truck is assigned by the transpor- 
tation department of a company, either (a) permanently 
to a particular company division and is then available 
only for the transportation work of that division, which 
may be a single employe or a department; or (b) it is 
placed at the disposal of a central dispatcher to whom 
all requests for transportation come and who fulfills 
requirements as they arise from the “pooled” equip- 
ment at his disposal. 


Electric Public-Utility Practice 


An example of permanent assignment is the Central 
Illinois Public Service Co., operating in central and 
southern Illinois in about one-third of the State’s area. 
The company maintains a fleet of 463 motor-trucks. All 
the trucks and trailers used in line work and in trans- 
portation of supplies are provided with the latest type 
of equipment, resulting in the efficient and speedy 
handling of work. Fig. 2 shows a light-duty motor- 
truck equipped for “hot” transmission-line maintenance. 
Fig. 3 pictures a truck equipped for transmission-line 
heavy maintenance and construction. 

The last of the series of divisional garages was com- 
pleted in 1930, thus improving garage facilities. Under 
this new arrangement, each division repairs, equips, 
mans and operates its own fleet, thereby providing a 
faster and more efficient service. Cost per mile in 1930 
was reduced 13 per cent, and cost per ton-mile was re- 
duced 10 per cent from that of 1929. The company has 
six division offices, each of which is supervisory. Al- 
though many of the motor-trucks are assigned to local 
offices, responsibility for efficient operation rests with 
the division office, which is, in turn, responsible to the 
general office. 

During 1930 this company replaced 5683 insulators, 
547 of this number being replaced while the lines were 
alive. Poles to the number of 2168 were also replaced, 
542 being replaced while the lines were alive. Motor- 
trucks do this work, and the methods for doing it with- 
out interrupting service have also increased the load- 
factor on the equipment. The superintendent of trans- 
mission and distribution controls all motor-trucks 


MIDDLE WEST UTILITIES SYSTEM 
MOTOR TRUCKS 
COST PER TON MILE, COST PER MILE 
AND MILES PER TRUCK 


Cost per ton mile $.085 
1927 


No. of vehi- 
cles 1267 


Miles per truck 7,860 
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Cost per ton mile $.0776 
1928 
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cles 1,456 
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Cost per aile $1007 


Miles per truck 8,027 
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Cost per ton mile $.071 
1929 


No. of vehi- 
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cles 2,608 ost per mile $089 


Miles per truck &,084 
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Fic. 1—THE CHART SHOWS THAT THIS FLEET’S TRUCK 

Cost PER MILE AND PER TON-MILE FOR THE LAST FouR 

YEARS DECREASED, WHILE THE MILES PeR TRUCK IN- 
CREASED EACH YEAR 


needed for such operations and supervises all motor- 
truck equipment. 


Ice-Delivery Methods 


The foregoing company operates 29 ice plants located 
in strategic positions in central and southern Illinois. 
Springfield, the largest city it serves, has three ice 
plants. Delivery expense per ton in 1930 was_reduced 
14 per cent as compared with 1929, largely” by utiliza- 





Fig. 2—LIGHT-DUTY MoTor-TRUCK EQUIPPED 


FOR “Hot” TRANSMISSION-LINE MAINTENANCE 
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tion of motor-trucks instead of horses and supplying 
the trucks with bodies of the type shown in Fig. 4, open 
at the front to facilitate ice removal and thus conserve 
the drivers’ energy. 

Ice-truck routing is next in importance. It can best 
be analyzed by considering the 300-day winter-routes 
as base routes and expanding these into 200-day spring- 
and-fall routes and 100-day summer-routes. Expand- 
ing the winter routes is possible with trucks and allows 
supervision of the summer-time employe by the full- 
time employe. Using trucks for ice delivery also allows 
the number of routes to be increased or decreased each 
day according to the demands of that day, rather than 
on the basis of an estimate derived from the demands 
of the previous day. This is reflected directly in com- 
pletely eliminating helpers on delivery trucks, which is 
a most important economy. Drivers and trucks are dis- 
patched by delivery superintendents, or, in small towns 
or communities, by the local managers. No hired or 
“peddler” delivery is used. 

Utilizing motor-trucks for ice delivery promotes in- 
creased revenue per route, makes possible wage rates 
that create incentive, permits wage increases, provides 
a Christmas bonus and develops a higher type of ice- 
delivery salesmen. Improved service, reduced delivery 
expense and improved operating efficiencies enabled this 
company to reduce ice prices, with a consequent saving 
to its customers of approximately $10,000 annually. 

Both types of dispatching are exemplified by the City 
Ice Co. of Kansas City, which operates 18 ice plants 
and serves a city population of 500,000 with ice and 
coal. This company operates 212 trucks on routes and 
27 trucks for car icing and hauling ice between plants 
and storage stations, the transfer routes being indi- 
cated in Fig. 5 and the types of vehicle in Fig. 6. All 
trucks are assigned to routes by the transportation 


Fic. 3—TRANSMISSION-LINE TRUCK OF 186-IN. 
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Fic. 4—TyYPE br Bopy USED FOR ICE DELIVERY 


The Body Is Open af the Front To Facilitate Ice Removal and 
Thus/Conserve the Drivers’ Energy 


department, and the fleet of transfer and car-icing 
trucks is direé¢tly in charge of a central dispatcher. At 
times the transfer trucks work entirely at night; at 
other times they work continuously night and day. 
Fig. 5 shows the truck movements of 5 to 7 tons of ice 
made during a typical summer day. Relay and trans- 
fer trucks formerly were assigned to various plants and 
districts, but economy was effected by centralizing con- 
trol of this equipment in the transportation depart- 
ment. Fig. 7 shows a car-icing hoist and transfer truck. 

A considerable quantity of ice is delivered during the 
summer for this company by ice-delivery contractors 
commonly termed “peddlers.” The extent of use of this 
type of delivery rests entirely with the general-delivery 
superintendent and the district superintendent; its 
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WHEELBASE EQUIPPED FOR HEAVY MAINTENANCE AND CONSTRUCTION 
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TABLE 2—FLEET OPERATION OF PEOPLES GAS LIGHT & COKE CO. 
IN 1921 AND 1930¢ 


Decrease, 

1921 1930 Per Cent 
H Number of Vehicles 240 201 16 
| Operating Cost $297,000 $252,000 15 





«Output of gas in the same period increased 60 per cent. 


economical type of equipment and has helped all depart- 
ments and divisions to check routing and change meth- 
ods of operation. Operating costs as well as investment 
expenditures are controlled by a budget. Table 3 sum- 
marizes, by garages, the trucks not in service, and this 
report has been very helpful in increasing the load- 
factor on motor-truck equipment. Because of,the large 
amount of specialized motor-truck equipment, it is nec- 
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“d Fig. 5—ICE DELIVERY RELAY AND TRANSFER TRIPS BY Mo- 
' TOR-TRUCKS OF THE CiITy IcE Co. OF KANSAS CITY 


economy is apparent, as it does not require a large in- 
vestment in.delivery facilities for the summer demand. 
The company also has found it advantageous to deliver 
coal during the fall and winter to compensate for slack- 
ened ice delivery during that period. 

The results of improving internal and external load 
factors on this company’s delivery equipment are shown 
in Fig. 8. In four years the cost per ton of delivered 
ice was reduced 21 per cent and the total delivery ex- 
pense 8 per cent, but the total tons delivered increased 
17 per cent. During 1930, relay and transfer-truck 
cost decreased $7,031, or 18.5 per cent, from this cost 
for 1929. For the same period the cost of operating 
the transportation department, exclusive of drivers’ and 
helpers’ wages, decreased $23,677, or 14 per cent. Many 
factors were responsible for this improvement, but effi- 
cient use of motor-truck transportation within the com- 
pany and of peddler delivery were large contributors. 
The balance between these two types of delivery is 
determined by the results obtained. 


—— ee 


Truck Usage for Gas-Utility Service 


Few types of utility service require more highly spe- 
cialized motor-truck equipment than does a gas-distri- 
bution utility. No other type of utility service is more 
difficult to service with motor-trucks than is a manufac- 

tured-gas utility, especially in a large city. The Peoples 
Gas Light & Coke Co., which serves Chicago with gas, 
operates a fleet of 201 vehicles; 70 per cent are motor- 
trucks and one-half of these are specially equipped. 
Table 2 shows that from 1921 to 1930 the number of 
vehicles decreased 16 per cent and the total operating 
cost 15 per cent, but the output of gas in this same 
period increased 60 per cent. Cost records covering FIG. 6—TYPE OF VEHICLE Usmp For ICE AND COAL DELIVERY 
individual vehicles made much of this saving possible, BY THE City IcE Co. or KANSAS CITY 

whereas operating expenses were formerly grouped to ‘These views Illustrate the Use of One Type’ of Motor-Truck 
cover classes made up of certain types of vehicle. This chassis for Three Kinds of Delivery Service; Namely, Ice Cakes, 
individual-cost system enables us to determine the most Ice Cubes and Coal 
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essary that each department or division route and dis- 
patch the motor-truck assigned to it, as outlined in 
Table. 4. 

Where the saving between the cost of new construc- 
tion by contract and that of doing the work with com- 
pany equipment is not sufficient to pay for the new 
equipment required, new construction is always done 
under contract. Hired-truck service is used for tempo- 
rary work where company equipment is not available 
and also where refuse can be hauled from gas plants 
more conveniently under a contract. 


Gas-Transmission-Line Construction 


Three huge natural-gas pipe-lines, now nearing com- 
pletion, will extend, as shown in Fig. 9, from the 
Amarillo, Tex., and Hugoton, Kan., gas fields into 
Nebraska, Iowa, Missouri, Illinois and Indiana, their 
maximum capacity being 400,000,000 cu. ft. daily, or 
the equivalent of 500 carloads of coal. One line is being 
built by the Continental Construction Corp. for the 
Natural Gas Co. of America and will furnish some nat- 
ural gas to Chicago. The construction cost of this 
24-in. pipe-line, nearly 1000 miles long, will be $65,000,- 
000. Motor-trucks perform an important part in this 
construction. The construction corporation surveyed 
one line, provided the various pipe-line contractors with 
maps and data and asked for bids on laying 100 to 150- 
mile sections of the pipe. 

After the bids were accepted, carloads of pipe, coup- 
lings, paint and covering materials supplied by the con- 
struction corporation were shipped to various points 
and invoiced to the contractors, who supply the men 
and machines for laying the pipe. Fig. 10 illustrates 
some of the special equipment used. All construction, 
including stringing of the pipe, is carefully planned and 
scheduled. Large savings are made possible by elimi- 
nating unnecessary handling of material. Proper 
scheduling allows pipe to be unloaded from railroad 





Fic. 7—CAR-ICING HOIST AND TRANSFER TRUCK 
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TABLE 3—-SUMMARY, BY GARAGES, OF TRUCKS OF PEOPLES GAS LIGHT & COKE 
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Fic. 9—Map SHOWING ROUTES OF 24-IN. NATURAL-PIPE- TABLE 4—CLASSIFICATION AND CONTROL OF PEOPLES GAS 
LINES LIGHT & COKE CO. EQUIPMENT 


Location of Trucks—, 
Central 


Control Ware- South West North 
Department of Trucks house Shop Shop Shop 
1 Service Calls Trucks routed at night nor- 
mally, but require dis- 
patching every 24 hr. i 4 7 8 
2 Inspections? Trucks on regular routes 
and good mileage every 
t « , 9 F 
vor cas ' hc co ee aca ; 
natin Reduction 3 Meter Sets* frucks routed by night 
aniiiees from clerk as 16 9 6 
1927 . 7 7 
’ 4 Meter Changes Trucks on fixed routes T- 1 3 
and Removals 
5 Recording Gas Work done by divisions 


1827 see se Pressure with one truck 1 
ve ive sae . y 
6 Industrial Truck Work done by one truck 


, saving industries 1 ie = he 

¢500,00 _ _ BN 7 Dump Trucks? Trucks used most of the 
oe ida time on general clean-up 3 “7 4 t 

i 8 Service Work Routed during night and 
sent to move gangs ; 4 4 5 

9 Drip Work Routed during night and 

oceasionally changed to 
meet emergencies wn 3 4 1 

rare _ 8% 10 Compressor* Routed by night clerk on 
mah Reduction regular routes on 5 4 5 

elivery from ‘ 
Expense 1927 11 Heavy-Duty Routed by superintendents 
Equipment of divisions (all 5-ton 
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1907 capacity 2 2 2 
92 92 192: 20 
= _ 1950 12 Warehouse Routed by an expert and 
Delivery loaded at night 13 
13 Meter Shop Dispatched by superintend- 
ent of warehouse 1 
14 Transmission Routed and controlled by 
Department superintendent of that 
department 1 
15 Construction Routed and controlled by 
17% Department superintendent of that 
Tons | Sennen department 1 
Delivered from 16 Home Service Routed and controlled by 
1927 Department superintendent of that 
department 1 
1927 1928 1929 1930 17 Transportation Routed and controlled by 
Department* Transportation Depart- 
Fig. C—RESULTS OF IMPROVING INTERNAL AND EXTERNAL ment 3 
' . 18 Commercial Routed and controlled by 
' 4 » SI r 
' LOAD FACTORS Maintenance® that department 1 ir : sig 
In Four Years the Cost Per Ton of Delivered Ice Was Reduced 26 37 37 34 
21 Per Cent and the Total Delivery Expense 8 Per Cent, But the as > ; ‘ 
Total Tons Delivered Increased i7 Per Cent aTrucks controlled by Transportation Department 7 24 20 18 
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cars on sidings onto motor-trucks which transport it 
directly to the line. Dispatching methods are employed 
that coordinate the arrival of carloads of pipe and the 
moving of this pipe by motor-truck so as to eliminate 
railroad-equipment demurrage-charges and the idle time 
of the vast motor-truck fleet that is required. Too 
large a shipment of pipe received at one time may neces- 
sitate stacking the pipe in a yard until it can be hauled 
to the right-of-way and consequent additional handling. 

Pipe stringing is subcontracted by the contractor, 
whose contract calls for building a complete unit of 100 
to 150 miles of line at a fixed cost of 12 to 15 cents per 
ft., and 2 to 3 miles of pipe are shipped daily to some 
given point for unloading and trucking, which is done 
day and night when possible. Ten stations for pump- 
ing, each requiring about 150 car- 
loads of material, are also con- 
tracted. Only one station is located 
on rail transportation, and its ma- 
terial is hauled by truck to the 
station location under a _ subcon- 
tract. Much of this heavy material 
is hauled by motor-trucks of 3% 
to 5-ton capacity. 


Hydro-Electric-Construction 
Methods 


Wyman Station, a hydro-electric 
development on the Kennebec 
River, near Bingham, Me., costing 
$13,000,000 and having a capacity 





of 100,000 hp., was the largest power development made 
in 1930 by any of our subsidiaries. The dam is of earth 
fill, with a concrete core-wall. Motor-trucks, caterpillar 
trucks and tractors moved all of the material required 
for its construction. The dam, illustrated in Fig. 11, 
is the largest that has ever been built of dry fill hauled 
with tractors and trucks, a method permitting careful 
sorting and placing of the different kinds of material. 
The hauling equipment was assigned to different 
shovels according to the kind of fill required in that 
section of the dam, and was closely regulated by the 
foremen on the fill. In case of trouble with a shovel, 
another was always ready to load the equipment. The 
geological formation at the site prevented the use of 
railroad or hydraulic methods of placing the fill. Other 
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types of hauling equipment are illustrated in Fig. 12. 

Two years were required for the construction of this 
project. Trucks and tractors operated throughout the 
24-hr. period except for a l-hr. shut-down at noon and 
again at. midnight. In the morning and at the end of 
the afternoon, drivers were changed without stopping 
the machines. During the later period of construction, 
10,000 cu. yd. of earth was moved into place every day. 
The care required in sorting and placing the material 
made necessary careful planning and scheduling of all 
movements of trucks and tractors. The construction 
necessitated the moving of about 3,000,000 cu. yd. of 
earth, 250 cu. yd. of ledge and the placing of about 
250 cu. yd. of concrete. The earth fill was excavated 
and moved into place at a cost of 67 cents per cu. yd. 


Fic. 10—SPECIAL EQUIPMENT USED 
IN 24-IN. NATURAL-GAS TRANSMISs- 
SION PIPE-LINE CONSTRUCTION 
The Use of a “Gin”? Truck for Unload- 
ing and Handling 40-Ft. Lengths of 24- 
In. Gas-Pipes Is Illustrated. Automo- 
tive Power and Speed Are Important 
Factors in Pipe-Line Construction, and 
Many Leading Contractors Have 
Found That Motor-Truck Equipment 
Is Economical and Dependable 





after liability insurance and de- 
preciation of plant and equip- 
ment. 

This low cost would not have 
been possible without securing 
nearly a 100-per cent load-factor 
on the transportation equipment. 
The greatest possible number of 
trucks and tractors had to be kept 
in service at all times so as to 
complete the project with the 
maximum dispatch and to obtain 
income from the large investment 
involved, the greater part of 
which was necessarily idle, until power was produced 
by the development. However, the high load-factor im- 
posed on plant and equipment was thought to increase 
the maintenance cost. The performance record of the 
earth-hauling equipment is shown in Fig. 13. 


Coordination of Railroad and Motor-Truck 


Motor-trucks are being more generally used by rail- 
roads than heretofore. The Chicago, North Shore & 
Milwaukee Railroad, an electric road operating between 
Chicago and Milwaukee, a distance of 85 miles, uses a 
fleet of motor-trucks with trailers and has established 
what is known as “ferry truck service.” Trailers are 
delivered to the door of the shipper, who loads and seals 
them and notifies the dispatcher, who sends a tractor to 
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Fic. 11—Use oF TRUCKS AND TRACTORS IN HyYDRO-ELECTRIC CONSTRUCTION 


haul them to the rail-head station. By means of a 
ramp, as shown in Fig. 14, the tractor places the trail- 
ers one at a time on a specially constructed flat-car ca- 
pable of holding three trailers. Upon arrival at their 
destination, another tractor is driven up the ramp, 
coupled to a trailer, and hauls it directly to the door 
of the consignee. 

This shipping service corresponds to the trap-car 
service of railroads and results in a great saving in op- 
erating cost to the railroad, as the shipment is not 
transferred into freight cars and two handling opera- 
tions are eliminated. In addition, the possibility of pil- 
ferage and loss is reduced to the minimum, and, as the 
trailers are of all-steel construction and water-tight, 
the possibility of damage by water is negligible. 


Advantages of Ferry-Truck Service 


The advantages to the shipper and consignee are that 
all cartige charges are eliminated and loading the ship- 
ment from truck to freight-car at the point of origin 
and unloading it to the truck at destination are made 
unnecessary. Moreover, it is not necessary to mark 
each carton or individual piece, as the shipper knows 
that whatever he loads into the trailer will be delivered 
to the consignee. 

In addition to this ferry service, the railroad has 18 


off-track freight stations in Chicago at which package 
freight is received from or delivered to shippers. The 
same trailers that are used in the ferry service trans- 
fer this freight to and from the rail head, where it is 
sorted and loaded into a package rail-car. 

Supplementing this service, a local trucking concern 
in Milwaukee and one in Chicago own and operate the 
North Shore Forwarding Co., which consolidates small 
shipments for loading in the ferry trucks, giving the 
shipper the advantage of a lower rate plus the North 
Shore service. 

The Chicago, South Shore & South Bend Railroad, 
an electric road operating between Chicago and South 
Bend, Ind., a distance of 90 miles, uses a truck service 
similar to that of the North Shore railroad, except that 
the movement of all trailers to and from stations and 
shippers to rail heads is done under contract by a truck- 
ing concern. Because of this arrangement the North 
Shore railroad can compare the trucking cost of moving 
its trailers with that of the South Shore company, which 
hires the service. From 400 to 500 ferry-truck loads 
per month are hauled to and from the various Chicago 
stations. 

Recently the Shore Line Forwarding & Distributing 
Co. was organized by a number of trucking companies 
in Allinois, Indiana, Michigan and Ohio. This com- 
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pany consolidates package freight in trailers, which 
are loaded onto standard drop-end gondola cars on the 
South Shore railroad and shipped to and from Chicago 
and South Bend. The forwarding and distributing 
company receives the benefit of a carload rate for ship- 
ment of these trailers, and the railroad can perform 
this service at less cost.and with more dispatch than a 
trucking company can haul this freight between South 
Bend and Chicago. A local freight tariff covering this 
service, governed by official classification No. 50, has 
been approved by the Interstate Commerce Commission 


and is on file. The territory and routes are shown in 
Fig. 15. 


Railroad Trucking Experience 


A great deal of experience has been gained by these 
electric railroads in the performance of their various 
trucking services. Coordination of railroad and motor- 
truck operations is gradually being worked out that 
will enable the motor-truck and the railroad to perform 
their economic services for the shipper; that is, respec- 
tively, the pick-up and delivery, or short-haul service, 
and the hauling of bulk loads to distances that are too 
great for the motor-truck or through congested-high- 
way areas. 

It seems that much of the motor-truck service can 
best be performed under contractual arrangements or 
by a forwarding and distributing company engaged 
principally in the business of operating motor-trucks. 
This is a field in which it is obvious that savings can 
be made for the shipper and the railroad and profits 
earned by the trucking concern. The benefits that can 
be derived depend upon the proper coordination of these 











various services so that each shall operate in its eco- 
nomic field. At present the greatest obstacle is the lack 


of standardized conditions and equipment among various 
truck operators. 


Conclusions 


An attempt has been made in this paper to show by 
some practical examples how the principles of efficient 
operation are being applied to the utilization of motor- 
trucks in the utility field. These principles are: stand- 
ards of performance, records, planning, routing, sched- 
uling, dispatching, standardizing conditions and stand- 
ardizing operations. 

It is felt that the standards of performance will not 
be the same for large companies in big cities as for 
companies whose operations are spread over a large 
territory and serve a great many small communities. 
However, these companies, by keeping records, can set 
up their own standards of performance. 

Planning, routing, scheduling and dispatching will 
apply to any company. Good dispatching practice is 
very important and will do much to improve the load 
factor on a fleet of motor-trucks and reduce the oper- 
ating cost. 

The standardizing of conditions and operations can 
be applied to any operation of motor-trucks; but, with 
the rapid changes that come about in both conditions 
and operations, it is questionable to what extent it can 
be applied. The use of motor-trucks is comparatively 
new in industry, and many factors which affect their 
use are not yet settled. The use of contract service, 
where it is justified by conditions, is reeommended to all 
operators. 
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Fic. 13—CHART SHOWING THE PERFORMANCE RECORD OF MoTOR-TRUCKS AND TRACTORS 


The Trucks Operated on the Basis of a 22-Hr. Day, the Yardage Being 
The Average Length of Haul for Each 


Haul Two Trailers Each. 


Measured “In Place.” Two of the Three Types of Tractor 
Round Trip Was 0.6 Mile for the Tractors and 1.6 Miles for the 


Trucks 
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Fic. 14—TRACTOR-TRAILER USAGE IN CONNECTION WITH 
RAILROAD SERVICE 


The Upper View Shows the Equipment Leaving the Shipper’s 
Loading Platform. In the Lower View the Equipment Is Backing 
Up the Ramp to Railroad-Flat-Car Level for Loading 
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MAP ILLUSTRATING THE COORDINATION OF RAILROAD 
AND MOTOR-TRUCK SERVICE 


It is felt that specialized equipment is to be avoided 
as much as possible, especially where it definitely limits 
the motor-truck to one job; also that specialized jobs 
can be taken care of by a combination of standard and 
specialized units, which will readily lend the combina- 
tion to change so that, if it becomes necessary to do a 
different type of work, at least one or more of the units 
can be used. 

No mention has been made herein of the contribu- 
tions. the automotive industry is making to improve the 
utilization of motor-trucks, but operators in general 
are mindful of these contributions. Improvement in 
operating results can be credited partly to improved 
design and workmanship that is so pronounced in the 
industry. Standardized CA dimensions and frame 
widths on motor-truck chassis and standardized fifth 
wheels and trailer-frame dimensions will assist oper- 


ators in applying some of the principles that have been 
mentioned. 


THE DISCUSSION 


R. E. PLIMPTON*:—Mr. Gossard mentions an increase 
of only 5 per cent in cost compared with an 18-per cent 
increase in number of trucks and in miles operated per 
year for 1930. To what extent is this improvement 
controlled by the vehicles, and to what extent by a pos- 
sible reduction or increase in overhead expenses? 

I assume that vehicle costs include such items as 
direct repairs, tires, fuel, lubricants and depreciation, 
all of which are chargeable to the equipment. If only 
the mileage operated had been increased, with no change 
in the number of vehicles, the total overhead expense 
might have remained approximately constant; but the 
increase in both the number of trucks and the miles 
operated per year might also result in increased total 
overhead expense. 

With reference to gas utilities, Mr. Gossard empha- 
sizes the value of keeping cost records for individual 
trucks; consequently he may have analyzed the total 
costs presented for all his company’s trucks to check the 
influence of equipment, including maintenance, as com- 
pared with supervising or administrative methods. 

The combination highway and rail service between 
Chicago and Milwaukee and Chicago and South Bend 
is a form of freight transportation that already has 
been undertaken by several steam railroads and others 
will soon undertake it, according to reports. These rail 
carriers seem to be following to a considerable extent 


M.S.A.E.—Transportation engineer, The White Co., Cleveland. 


the practices pioneered by the Chicago, North Shore & 
Milwaukee Railroad, which undoubtedly has offered the 
service for a longer period than has any other carrier 
in this Country. Operating between large industrial 
communities, both Chicago’s North Shore and South 
Shore railroads are able to attract a considerable volume 
of freight in each direction of travel. Moreover, the 
volume is sufficient to justify daily overnight move- 
ments. What is Mr. Gossard’s opinion as to whether 
these same advantages can be gained, with one-way 
movements of relatively small-lot shipments, between 
large distribution centers and their outlying trade ter- 
ritories ? 

We heartily agree with Mr. Gossard’s conclusions 
that conditions and operations must be standardized to 
fit the actual situation. His general recommendation 
to use hired trucks when justified is another pronounce- 
ment to which no exception can be taken. Perhaps the 
application of this recommendation needs to be explained 
somewhat. One can appreciate that trucks may be 
hired to handle emergency work, with little opportunity 
to consider the economics of the transaction; but how 
is the utility to decide to what extent truck service 
should be purchased for regularly recurring or pre- 
dictable demands in excess of “owned” equipment ca- 
pacity? Some of Mr. Gossard’s companies may have 
worked out a standard method for determining when 
the peak or special demand is such as to warrant the 
investment in trucks to handle it; if so, the details 
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would be useful to many companies that operate trucks 
and are confronted with the problem of whether to hire 
or to own them. 

A. H. GossarpD:—The overhead that refers directly 
to transportation was included in my figures. The per- 
centage would vary according to what the operations 
were. Where a division o.fice supervises transportation 
as one of its duties, that is charged, not to transporta- 
tion, but to general overhead, because it is the purpose 
of a division office to supervise all kinds of operations. 
The company might be engaged in numerous different 
kinds of business that came directly under that division 
office, and transportation as related to each of these 
businesses would have a certain importance, but the 
overhead would not be charged to transportation. 

Regarding the influence of equipment on costs, this 
is analyzed twice a year and sent to all companies for 
their guidance. Concerning overnight movements of 
freight where the volume is insufficient for railroad 
transport, it seems apparent that the truck would be of 
greater advantage for such volume movements. In such 
instances as Mr. Plimpton mentions, securing return 
loads constitutes the problem and this is also the prob- 
lem of the South Shore and the reason for the forward- 
ing company in four States. 

J. M. Orr*:—Whether the operation of a large fleet 
of vehicles be in a compact metropolitan area or that 
fleet is scattered over a larger dispatching area, close 
supervision of the uses, applications and load factors 
is contributory to a more economical and more efficient 
result. Mr. Gossard has a very interesting fleet oper- 
ation because of the great variety of work and applica- 
tions it covers. We who have a more limited operation 
can only agree with the very good points he has brought 
out. 


Records and Costs Discussed 


F, C. HORNER’:—Mr. Gossard’s paper is most com- 
prehensive and contains a tremendous amount of valu- 
able information. Although the motorcoach has a large 
field, it is as nothing compared with that available for 
the motor-truck. Railroad officials would do well to read 
this paper and thus gain a better understanding of the 
possibilities for motor-truck usage. Why does Mr. Gos- 
sard record the cost per ton-mile? 

Mr. GOSSARD :—We calculate our cost per ton-mile by 
taking what we consider to be the capacity rating of 
the truck in tons, since we cannot in all cases get the 
actual loads that our trucks are hauling. I must admit 
that it penalizes some manufacturers one way and other 
manufacturers another way, but our transportation 
men are required to rate their trucks. If a trailer goes 
with a truck, the rating covers both the truck and the 
trailer, and those ratings do not change so long as the 
truck remains in that particular kind of service. 

In keeping records on such a vast number of vehicles, 
a sort of general set-up is essential. We are constantly 
checking to see if we can find flaws in the method of 
keeping records. In checking some companies recently, 
we have used the manufacturers’ rated capacity and 
determined on that basis what our costs were per mile 
and per ton-mile, but I find that our general method will 
come within an engineering approximation of being cor- 
rect; it does not vary 5 per cent, and that is close enough 
on the ton-mile basis. We shall be glad at any time to 
use a different method if we can find a better one. 

Mr. HORNER:—The fact that your figures show an 
increase in the number of miles the trucks travel, with 
only a 5-per cent increase in cost, is an excellent illus- 
tration of the results to be obtained from scientific man- 





*M.S.A.E.—General manager, Equitable Auto Co., Pittsburgh. 


5 M.S.A.E.—Assistant to vice-president, General Motors Corp., 
New York City. 

®M.S.A.E.—Engineer, motor-vehicle and labor-saving machinery, 
American Telephone & Telegraph Co., New York City. 
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agement. Your method of handling these vehicles in 
the various activities in which they perform a part 
represents scientific dispatching; that is, the scientific 
application of the motor-vehicle to the various require- 
ments. In my opinion, that is the crux of any motor- 
vehicle operation. 

Without flattering the engineers and the manufac- 
turers of automotive equipment, motor-trucks and mo- 
tor coaches are generally very good machines. The loose 
end of the business is lack of scientific application or 
the misapplication of the equipment to the require- 
ments. In the operation of motor-trucks as a business 
the owner will fail unless he knows how to apply his 
equipment. I am profoundly impressed by the evident 
excellence of Mr. Gossard’s records and by the fact that 
he knows how to translate them into action; otherwise 
he could not obtain the results he has outlined. 

The pipe-line construction and several other phases 
mentioned in the paper illustrate the necessity for truck 
transportation. How else could such work be done? 
In other words, the truck is no longer in the experi- 
mental stage; it is a real part of transportation. Fur- 
ther, the paper evidences real coordination of rail and 
road transport-facilities. 


Specialized Public-Utility Equipment 


T. C. SmitrH’:—There are, it seems, two general 
classifications in applying specialized construction ap- 
paratus and automotive equipment to public-utility use. 
Of these two, the limited group includes units pur- 
chased for individual jobs. The broader group includes 
the. various types of units which are adapted to the 
many operations involved in construction and mainte- 
nance where the units are assigned to particular kinds 
of work which will be continuous or frequently recur- 
ring throughout the lives of the units. 

In cases of the latter kind, experience indicates defi- 
nitely that the many adaptations which can be made to 
assist the gangs of men in doing their work pay for 
themselves many times over, not only in the decreased 
cost of the work, but through increased safety and the 
expediting of the jobs. I refer to vehicle bodies de- 
signed with convenient compartments for tools and ma- 
terials, power winches and derricks, power pumps, 
power reels, earth-boring machines and the like. In 
making each adaptation, suitable equipment should be 
selected and a study should be made of the extent and 
nature of the work. 

If the work is limited in amount and not of a fre- 
quently recurring nature, the carrying charges between 
jobs, only interest and storage, must be considered as 
part of the problem. Where only a single job is in- 
volved, the cost of the equipment often can be written 
off on the one job and the unit sold at the completion 
of the work; or, in some cases, it may be more econom- 
ical to rent the power equipment. The point I wish 
to make is that no generalization can be made as to 
whether the use of a particular kind of construction 
apparatus is economical. Consideration must be given 
in each case to factors such as the extent, continuity 
and nature of the work to be done, as well as the effi- 
ciency of the machine operation. 

Mr. GOSSARD:—We have made special studies re- 
garding specialized ecuipment. Where one has a spe- 
cialized unit and can keep it working practically all of 
the time, he can justify the cost on it; but often an 
operator obtains a specialized unit to do a certain job 
and, after that job is done, he does not write off all 
the cost on this first job and the eauipment lies idle 
mntil he has a similar job for it. In checking back, we 
found cases in which snecialized eauipment does not 
justifv its use because it can be kept working perhaps 
onlv three months of the year. 

For example. large pole-hole-digging equipment that 
would be bought for a special construction job, such as 
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installing a high-potential transmission-line, would sub- 
sequently stand idle unless a similar job developed. We 
ascertained the cost per pole for digging holes and set- 
ting the poles with equipment of that type. We then 
used another combination consisting of a tractor, a 
small truck and a trailer, and found that the combina- 
tion resulted in lower costs than with large specialized 
trucks, because we could use at least two of those units 
to do other kinds of work even when we could not use 
the third. We also compared the cost of doing that work 
entirely by manual labor with the cost when using the 


machine, and, in some cases, we found that manual 
labor was cheaper. 


Vehicle Pooling and Central Dispatching 


B. J. LEMON‘:—Do you pool the control of the larger 
units, or of the number of different types of vehicles in 
smaller units, under one dispatcher? 

Mr. GOSSARD:—How far one can go with the pooling 
of vehicles and the use of central dispatching depends 
on the nature of the operation. 

H. V. MIDDLEWORTH’:—How do you dispatch vehicles 
from one central dispatching headquarters? We have 
undertaken to do that but have not thoroughly suc- 
ceeded, because we find that the men in charge of the 
work in different localities have certain whims as re- 
gards the equipment they need for doing this work. 
Central dispatching would cause trouble if we at- 
tempted it. 

Mr. GOSSARD:—So-called central dispatching is a 
general method. Vehicles can be assigned to a job per- 
manently or can be pooled. Equipment control is very 
important. Even in companies having widely scattered 
equipment, much of it reverts to one central control at 
times. For instance, if a bad sleet storm should tear 
down the power-distribution system in a certain town, 
the control of the equipment needed to make repairs 
reverts to a central dispatcher who knows where the 
equipment is and dispatches enough equipment from 
other locations to take care of that particular job. 

In large-scale city-operation, vehicle control can re- 
vert at any time to a central dispatcher. For example, 
leaks occur throughout an illuminating-gas distribution- 
system during extreme cold weather and under other 
special conditions of the system. In such case a large 
part of the equipment should revert to control by a 
central dispatcher who is prepared to assume full con- 
trol at any time. But not many cases occur in which 
equipment can be controlled wholly by one dispatcher. 


Records and Analyses Essential 


B. B. BACHMAN’ :—Referring to Fig. 1 of the paper, 
if the ends of the lines representing costs per ton-mile, 
costs per mile, and miles per truck were connected by 
lines, a plot of years versus these various figures would 
result. Naturally, the line connecting the costs per ton- 
mile and that connecting the costs per mile, slope in one 
direction, while the line connecting the miles per truck 
slopes in the opposite direction. In determining the 
real meanings of these data, it would be interesting if 
the tons per truck were included, so as to present the 
whole picture. The differences in slopes that are de- 
veloped by this method of analysis indicate that prob- 
ably the efficiency of the vehicles varies as regards the 
tons hauled per vehicle. 

Mr. GOSSARD:—The number of tons per truck remains 
nearly constant; therefore it seems that cost would be 


7M.S.A.E.—Field engineer, tire-development division, United 
States Rubber Co., Detroit: 

8 M.S.A.E.—Superintendent of operations, transportation depart- 
ment, Consolidated Gas Co. of New York, New York City. 

® M.S.A.E.—Vice-president of engineering, Autocar Co., Ardmore, 
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10 M.S.A.E.—Superintendent, bus transportation, 
ways & Electric Co. of Baltimore, Baltimore. 


11M.S.A.E.—Division superintendent of transportation, Pacific 
Gas & Electric Co., San Francisco. 
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the deciding factor. We have purposely avoided large 
trucks on the highway and have campaigned for lighter 
bodies and lighter and faster trucks. If increased mile- 
age is considered as increased work—which is the prac- 
tice of some authorities—a fleet must be doing more 
work because it travels more miles. 

Mr. MIDDLEWORTH :—Our company has decided not to 
keep individual cost records, but to keep records by 
classes. While I do not fully agree with this decision, 
I question whether it actually is essential to keep indi- 
vidual cost records and whether they would be valuable 
tor comparative purposes where vehicles are operating 
under many diversified conditions. 

ADRIAN HUGHES, JR.“—The absolute necessity for 
keeping suitable records and cost analyses is the most 
important factor in the economics of transportation. The 
difficulty that most operators have is to convince the 
management and the auditing department that these rec- 
ords are essential. Without such records, the results Mr. 
Gossard has achieved would have been impossible, be- 
cause the records represent the eyes through which the 
operator sees what is being accomplished; without 
them, he is working blindly. 


Pacific Coast Truck Utilization 


E. C. Woop" :—Operators on the Pacific Coast realize 
that their big problems are how to keep the equipment 
working and reduce repair costs. They also are con- 
cerned with bettering performance by laying out routes 
to secure greater load-factors, by scheduling and dis- 
patching equipment, and by the economical purchase of 
equipment. They expect the manufacturer to reduce 
vehicle weights so as to give the operator the advan- 
tage of hauling larger payloads. They realize the im- 
portance of keeping cost records so as to ascertain the 
economical cost of operating motor-vehicles. Some oper- 
ate on a mileage basis; others on a tonnage basis, an 
hourly basis or on a cost-per-package-delivered basis, 
but all are in some way reducing cost-keeping to a cost- 
per-unit basis. 

Standardization of cost-keeping systems is desirable 
to secure greater economy. A transportation depart- 
ment is expected to contribute its share to the ultimate 
savings, and management expects the fleet operator to 
know that each vehicle is being used in the service it 
can perform most economically, that each truck is fitted 
with a body and other equipment that will enable it to 
do its work at the lowest possible cost, that loading and 
unloading methods and the equipment employed are in- 
spected periodically and that the repair shop is equipped 
with labor-saving devices and tools to maintain the 
equipment at minimum cost. 

One operator states that cost of operation and oper- 
ating cost are different; for instance, an accident is a 
cost of operation but not an operating cost. If a new 
piece of equipment is damaged during the first week of 
its operation, this added expense would indicate an ex- 
cessive cost per mile. Some operators recommend keep- 
ing costs per vehicle and per groups of vehicles, group- 
ing certain types and taking the average. A few oper- 
ators feel that costs do not determine relative merit 
because of the many variable factors. 

A driver is mainly unsupervised during working 
hours. In connection with dispatching, answers to 
questionnaires indicate that operators are tending to- 
ward utilization of mechanical devices for recording 
performance. Operators who use these devices report 
having increased the load factor to such an extent that 
they could reduce the number of trucks they operate. 
Under mechanical supervision, drivers seem to realize 
that truck delays require an explanation and they take 
a real interest in keeping their trucks busy. 

Fleet supervisors are constantly changing their 
methods of maintenance due mainly to manufacturers’ 

(Concluded on p. 338) 
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By Thomas H. Wickenden 


ANY USES of nickel in the automotive industry 
4 are listed. It is used in cast iron to promote 
uniform hardness and good wearing qualities, in 
castings of varying section, without excessively hard 
spots. Cylinders, cylinder-heads, pistons, exhaust 
manifolds and brake-drums are among the chief en- 
gine and automobile parts in which nickel cast-iron 
is used. It is also coming into extensive use in heavy 


NE OF THE PRINCIPAL fields for the utiliza- 
() tion of nickel is automotive production; a con- 

siderable percentage of all the nickel produced is 
consumed in this industry. Nickel enters the industry 
in many forms, the principal ones being as an alloy in 
steel and cast iron, and in nickel-plating. Other uses 
are in spark-plug wire and resistance wire, as an in- 
gredient of certain types of stainless steel, heat-resist- 
ing alloys for valves, nickel silver, Monel metal, low- 
expansion Invar-steel piston-struts, and in aluminum al- 
loys. Nickel is also utilized in much of the essential 
equipment used in the production of engines and cars. 


Nickel in the Foundry 


Nickel as used in cast iron can be looked upon as a 
tool, not only to produce the desired physical properties 
in the final casting, but also to assist the foundryman to 
overcome foundry or shop difficulties. Some of the ad- 
vantages which can be secured in cast iron by the 
proper use of nickel, by itself or in combination with 
other alloying elements, are as follows: 


(1) Refinement of the grain by producing finer 
graphite flakes and securing a high luster on 
finished surfaces 

(2) Reduction of porosity and internal shrinkage re- 
sulting in pressure-tight castings 

(3) Elimination of chilled corners and edges and 
other hard spots, thereby improving the ma- 
chinability 

(4) Increasing the hardness of gray iron, especially 
in heavy sections, and retaining machinability 
at hardnesses over 300 Brinell hardness number 

(5) Equalizing the hardness in thick and thin sec- 
tions, resulting in a reduction of casting 
strains and less subsequent warpage 

(6) Securing remarkable resistance to wear and 
abrasion 

(7) Assuring stability of composition, strength and 
hardness when maintained at elevated operat- 
ing temperatures 

(8) Increasing the strength. 


Much has been written concerning the methods for 
obtaining these results, so I shall confine myself to a 
few examples in the automotive industry. 


Cylinders, Cylinder-Heads and Manifolds 


Nearly all the advantages possible from the use of 
nickel in cast iron can be realized in automotive cylin- 
ders, cylinder-heads, pistons and exhaust manifolds. 
Greater hardness of the cylinder-wall and valve seats 
has caused an increase in cylinder life of 50 to 200 per 
cent, according to the hardness and alloy used, and has 
increased the mileage between valve grindings by five 
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Milwaukee Production Meeting Paper 


dies for pressing fenders and large parts of automo- 
bile bodies. 

The discussion was concerned chiefly with expe- 
riences with the use and heat-treatment of nickel iron. 
The effect of annealing and heat-treating on perma- 
nency of form and strength was touched upon, and 
vagaries of the expansion ratio of high-nickel-alloy 
steels were recounted. 


to seven times. Porosity in manifolds has been reme- 
died by lowering the silicon 0.5 per cent and adding 1.0 
per cent of nickel. Cracking and growth in the same 
part on heavy-duty units have been eliminated by using 
a low-silicon iron with the addition of nickel and chro- 
mium. 

When nickel and chromium are used in cylinder- 
blocks, it generally is because of a specification issued 
by the engineering department but sometimes because 
of a specification for a definite Brinell hardness on the 
cylinder-wall and around the valve seats. Securing a 
Brinell reading of 180 uniformly without the use of 
alloys is almost impossible, yet some specifications call 
for 220 minimum Brinell at the valve seats. This re- 
quires the use of substantial percentages of alloys. 
When these conditions are encountered, the production 
department should be informed as to the correct alloy 
mixtures that will give the required hardness and yet 


TABLE 1—ANALYSES OF CASTINGS FOR ENGINE PARTS, PER CENT 


———_—__——_——Cylinders——————_—__, 


Taxi- Heavy 
cab, Truck, Heavy 
Large Motorcoach, Diesel Engines 
Small Car, Tractor, ———_ aca 
Passenger- Light Diesel Cylinder- 
Car Truck Engine Heads Liners 
Total Carbon 3.30-3.50 3.20-3.40 3.20-3.40 3.10-3.30 3.00-3.20 
Silicon 2.10-2.30 2.00-2.20 1.75-2.00 1.00-1.25 1.00-1.25 
Manganese 0.50-0.60 0.50-0.60 0.60-0.70 0.60-0.90 0.60-0.90 
Nickel 0.75-1.00 1.00-1.25 .50-2.00 1.50-2.00 1.50-2.00 
Chromium 0.25-0.35 0.35-0.45 0.40-0.50 0.60-0.75 0.50-0.60 
Phosphorus 0.20 and Sulphur 0.12 maximum in all cases 


Minimum Brinell 
Reading 200 210 220 210 210 


permit of ready machining. A balanced mixture should 
be used to secure the best results. 

A mixture is correctly balanced when it will produce 
the desired hardness together with a suitable micro- 
structure, the thickness of section, total carbon, silicon, 
nickel and chromium contents all being considered. The 
structure for wearing parts should show finely divided 
graphite, virtually free from cementite or free ferrite, 
the body being finely divided perlite or sorbite. Too 
much free carbide causes difficult machining and rapid 
dulling of tools. It also causes irregular wear and some- 
times scoring of cylinder-walls. Free ferrite would in- 
dicate too soft an iron, which probably would not meet 
all hardness specifications. In a valve seat, it is looked 
upon as a cause of pick-up and rapid hammering down 
of the seat. 


Nickel Helps To Make Balanced Iron 


Variations in specification and in design result in a 
wide range of analyses and alloy contents, each of which 
may be a balanced mixture for the particular job. 
Typical analyses are given in Table 1 for the cylinder- 
blocks of engines of different classes and for cylinder- 
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heads and liners, 2 to 3 in. in thickness, for heavy Digsel 
engines. : 

Foundrymen sometimes attempt to secure the fe- 
quired hardness, when a definite nickel content has not 
been specified, by substituting chromium for some of 
the nickel that should be used. This has invariably re- 
sulted in machining difficulty, which can be corrected by 
returning to a properly balanced mixture. Chromium 
has a marked hardening effect upon iron, characterized 
by the formation of chromium carbides which occur as 
white iron at the rapidly-cooled corners and edges. and 
in localized hard spots at any point where the mold is a 
little too damp.. Such spots are ruinous to cutters, and 
the increase in hardness is in no way commensurate 
with the difficulties caused. From 2% to 3 parts of 
nickel to 1 of chromium are required to neutralize the 
tendency of the chromium to form iron carbides. Nickel 
and chromium can be added to iron in large quantities 
in a 3:1 ratio without increasing the tendency of the 
iron to become white. 

Silicon is a graphitizer which also neutralizes the 
effect of chromium; but high-silicon irons tend to be 
porous and subject to internal shrinkage, so that high 
hardness, freedom from porosity and ready machin- 
ability can be assured only by using low-silicon iron 
with the addition of nickel. Such iron has low internal 
casting-stress and warpage. 

Difficulty from unbalanced mixtures has led in a num- 
ber of cases to specifications calling for a definite Bri- 
nell hardness and a definite nickel content, allowing 
freedom to the foundry in silicon and chromium con- 
tents to produce the desired hardness. This method has 
proved satisfactory, as the presence of nickel assures 
good machinability. 


Diesel-Engine Parts 


Heads of Diesel engines are complicated in design, 
embodying varying sections. Still, the castings must be 
solid, free from porosity, of good strength and capable 
of being held at high operating temperatures without 
growth, warpage or loss of strength. These conditions 
can be met by using a low-silicon iron with a relatively 
low carbon content and alloyed as indicated in Table 1. 
Annealing for several hours at a temperature not over 
1000 deg. fahr., followed by slow cooling, will release 
casting strains and reduce subsequent warpage. 





MICROGRAPHS OF BRAKE-DRUM IRONS 
Fig. 1—A_ Balanced High- Fig. 2—Iron 
Strength Iron, Containing 1.25- 


Containing the 
Same Percentage of Nickel as 


1.50 Per Cent of Nickel. The That in Fig. 1, but the Mix- 
Structure Contains Sorbite and ture Is Not Correctly Bal- 
Fine Perlite with Few Carbide anced. Free Carbide Particles 
Spots. The Tensile Strength Wear in Relief, Resulting in 
Is More than 50,000 Lb. per Tearing Out the Brake-Lining. 
Sq. In., and the Brinell Hard- Brinell Hardness Number 180. 
ness Number Is 223. Magnifi- Magnification 75 


cation Is 100 Times 


Cylinder-liners generally are uniform in section, and 
the principal requirements are good wearing properties 
and machinability. Brinell hardness of over 200 is de- 
sirable. Piston iron must be of good strength, so that 
the weight can be low, and should withstand heat well. 
High-strength iron containing 1.50 per cent of nickel 
and 0.40 to 0.50 per cent of chromium is well suited for 
this purpose. 

Large cylinder castings are difficult to cast because 
of the wide variation in section. A high-test iron con- 
taining low silicon and about 1.00 per cent of nickel is 
recommended. Bases made of this material can be of 
relatively light section, because its strength and stiff- 
ness are greater than those of ordinary cast-iron. 


Cast-Iron Brake-Drums 


Nickel-cast-iron brake-drums have become almost 
standardized on heavy-duty motor-trucks and motor- 
coaches. Material of a similar analysis is excellent for 
clutch plates. Economy must be considered in select- 
ing the analysis for brake-drums, but the best possible 
material is required in some cases. The mixture should 
be balanced, as an excessive amount of free carbide re- 
sults in irregular wear of the drum and eventual tear- 
ing out of the lining. Figs. 1 and 2 illustrate respec- 
tively the structures of a balanced and an unbalanced 
brake-drum iron. If the lining is replaced without 
correcting the drum, it is likely to be torn out again 
within a few days. A common mixture for brake- 
drums, which generally is made by the addition of 
nickel and chromium to a cylinder iron, contains total 
carbon, 3.20-3.40; silicon, 2.00-2.25; nickel, 1.50, and 
chromium, 0.50 per cent. A drum of this type will give 
satisfactory life under most conditions. 

High-test iron should be used for brake-drums on 
heavy-duty trucks and on passenger-cars where it is 
desirable to save weight by using a wall as thin as 
possible. The tensile strength should be from 40,000 
to 50,000 lb. per sq. in. It is produced by using a 
large amount of steel in the charge, with correct opera- 
tion of the cupola, or it may be produced in an air or 
electric furnace. The silicon should be between 1.50 
and 1.75 per cent, depending somewhat upon the sec- 
tion. A nickel content of 2.00-2.50 per cent, with or 
without 0.20-0.30 per cent of chromium, has given satis- 


factory results on heavy-duty trucks in mountainous 
country. 


Dies and Heavy Wearing Parts 


Success of nickel cast-iron in improving the wear of 
cylinder-blocks led to experiments with similar mix- 
tures for drawing-dies, which showed immediate im- 
provement in wear and resulted in further experiments. 
An analysis that is recommended for medium-size dies 
which require considerable machine-work and hand fin- 
ishing contains 30-40 per cent of steel scrap and 25 per 
cent of malleable pig-iron, the remainder being low- 
silicon foundry scrap. The analysis, in percentages, 
should be: 


Total Carbon 


ot 3.20-3.30 Chromium 0.50-0.60 
Silicon 1.40—1.60 Phosphorus 0.20 maximum 
Manganese 0.50—0.60 Sulphur 0.12 maximum 
Nickel 1.50—-2.50 


Heavy dies, such as those for bodies and fenders, 
cool very slowly because they often are as much as 2 to 
4 in. thick. A high percentage of alloy is needed to 
counteract the annealing action of the slow cooling and 
produce an iron having the desired hardness. Common 
practice is to use for this purpose a mixture having a 
total carbon content of 3.10-3.30 per cent, secured by 
40-60 per cent of steel scrap; silicon, about 1.00-1.25 
per cent;. nickel, 2.50-3.00 per cent, and chromium, 
0.60-0.75 per cent. Cast in heavy sections, this iron 
usually has a Brinell hardness of about 248 and is e~- 
tirely free from chilled edges and hard spots. The 
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strength will be between 40,000 and 50,000 lb. per sq. 
in., the structure will be dense and fine grained and 
will take a high polish and resist wear well. An iron 
of this type must be machined more slowly than the 
preceding composition, but the job is not difficult. Dies 
of thinner sections sometimes will show a Brinell hard- 
ness as high as 280. Many tests have shown the life 
of this material in dies to be three to four times that 
of plain cast-iron. A die used in forming the radiator 
shells of the Ford car is shown in Fig. 3. 


Nickel Steels Used for Manufacturing 


While the uses of nickel steels in automotive plants 
are mostly for production parts, such as steering- 
knuckles, gears and shafts, they find considerable use 
in the form of production tools. Probably the best- 
known use is in forging-die blocks, which are often 
made of an alloy of nickel and chromium, with or with- 
out molybdenum. The advantages of this type of die 
over a plain carbon die are well known. The advantages 
of these strong and tough alloy steels are often utilized 
in piston-rods and other parts of steam-hammers, in 
cranks for presses and in spindles and gears of ma- 
chine-tools. 

One example is in connection with a crank press. 
The carbon-steel cranks supplied by the maker would 
break in three or four months. Cranks made from 
S.A.E.-2340 steel, heat-treated, have now been in ser- 
vice three years without failure. While such parts as 
hot and cold-heading dies and roll-threading dies are 
often considered as pieces in which only special tool- 
steels should be used, many reports have been received 
of savings in material cost and of excellent life secured 
by using for this purpose one of the straight nickel or 
nickel-alloyed steels. For instance, a 0.50-carbon, 3.50- 
per-cent-nickel (S.A.E.-2350) or the S.A.E.-3250 nickel- 
chromium, or the nickel-chromium-molybdenum die- 
block steel hardened and drawn at 900-1000 deg. fahr., 
will give very good life for hot-heading dies. Reports 
of 8000 to 9000 pieces produced have been received, to 
be compared with 10,000 to 11,000 pieces for the high- 
chromium-tungsten hot-working steel. Although the 
life is shorter, it is possible to re-sink the die without 
annealing, which makes a considerable difference in the 
cost per piece. Punches made of steel containing 0.55- 
0.60 per cent of carbon, 2.00 per cent of nickel and 1.00 





Fic. 3—A FORMING-DIE MADE FROM NICKEL-CHROMIUM 
CAST-IRON 


This Is a Die for Forming the Ford Radiator Shell. It Was 
Heat-Treated by Quenching and Drawing to a Hardness of 300 
Brinell 


per cent of chromium show a much higher crushing 
strength and better toughness than do carbon-tool-steel 
punches. 

Broaches and burnishes have been made of nickel- 
chromium S.A.E.-3312 or 3415 nickel-molybdenum steel 
and S.A.E.-4615 carburizing steel. These are heat- 
treated to file-hardness and have much greater tough- 
ness than tool-steel broaches. The bodies of removable- 
blade milling-cutters and reamers, the shanks of high- 
speed drills and parts of clutches and chucks are often 
made from nickel-bearing steels to take advantage of 
their combined high strength and toughness. S.A.E.- 
2340 nickel-steel is suitable for the shanks of Carboloy 
tools; it has excellent brazing properties, giving a uni- 
form and high-strength joint, and has a high elastic 
limit and good toughness after the overheating neces- 
sary in the brazing cycle. It is well suited for heat- 
treated shanks, as it will harden in oil at a low quench- 
ing temperature. 


THE DISCUSSION 


A. F. MILBRATH’®:—We have been using nickel in our 
cast iron for about two years. Tests have shown the 
life to be more than doubled by it. 

We have done some experimental heat-treating of 
castings to reduce warping, not for greater hardness, 
and have had good success with heating cylinder-heads 
to 1050 deg. fahr. If the temperature is carried higher, 
the combined carbon drops rapidly; 1300-1400 deg. 
takes virtually all of the combined carbon out of cylin- 
der-heads or pistons. Will chilling restore the combined 
carbon? . 

T. H. WICKENDEN :—I do not recommend a tempera- 
ture higher than 1000 deg. for annealing to relieve 
strains. Nearly all the combined carbon will be de- 
composed at 1300-1400 deg., but it is reabsorbed gen- 
erally between 1500 and 1550 deg. At 1600 deg., the 
combined carbon is increased slightly above the original 
amount, and it can be held in combined form by quench- 
ing from that temperature. 





?M.S.A.E.—Vice-president, chief engineer, Wisconsin Motor Co., 
Milwaukee. 


* Superintendent, heat-treating and forging, Highway Trailer 
Co., Edgerton, Wis. ; 
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Mr. MILBRATH:—We have found that normalizing 
samples of piston castings at 1050 deg. without quench- 
ing would increase the Brinell hardness and materially 
increase the tensile strength. 

Mr. WICKENDEN:—I do not understand why that 
should cause any increase in hardness, but I have 
known instances in which the breaking strength of the 
material is increased by relieving the strains. 

H. Mucks’*:—What causes hard spots on cast-steel 
brake-drums of 0.40-0.50 carbon and 0.35-0.45 chro- 
mium? 

Mr. WICKENDEN :—The carbon content in cast-steel 
brake-drums probably would be between 0.40 and 0.50 
per cent, while cast-iron drums would have over 3 per 
cent of carbon, of which 2.0-2.5 per cent is graphitic. 
Free carbides are not found in steel castings until the 
eutectoid content of the steel is exceeded, which requires 
about 0.80-0.90 per cent of combined carbon. If hard 
spots are found, they probably are due to some other 
cause, such as slag inclusions. 

Mr. Mucks:—The reduction in carbon content will 
bring out a fine structure. 

Mr. WICKENDEN :—Chromium that is not thoroughly 
absorbed might cause the hard spots. 
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Local-Hardening Methods 


Mr. Mucks:—S.A.E.-No.-3312 steel casts quite uni- 
formly, with a nice grain. How can local protection be 
secured when parts of this material are hardened? 
Copper-plating is not sufficient protection, and I have 
found that silicon and clay peel off during the opera- 
tions and allow hard spots. 

Mr. WICKENDEN:—A good job of copper-plating to 
a thickness of several thousandths of an inch is general- 
ly satisfactory, but I have known of a few cases in 
which it was necessary to deposit a layer of copper, 
a layer of nickel and a second layer of copper to prevent 
penetration. I have even known of cases in which it 
Was necessary to leave excess metal, anneal the part 
after carburizing and machine off the excess metal 
which has been carburized. 

Mr. Mucks:—We have had difficulty in this opera- 
tion because of air-hardening. 

Mr. WICKENDEN :—If the annealing temperature is 
higher than 1200 deg., there will be some rehardening. 

Mr. Mucks:—Our experience is that the best anneal- 
ing temperature is 1280 deg., giving a scleroscope hard- 
ness of 32. 

A MEMBER :—Does the natural nickel-iron produce a 
balanced alloy? 

Mr. WICKENDEN :—Mayra pig-iron contains about 2 
per cent of chromium and 1 per cent of nickel. This 
is an excessive proportion of chromium, and the silicon 
content must be increased to prevent formation of car- 
bides. 

A MEMBER:—What advice can you give to help in re- 
gard to valve seats? 

Mr. WICKENDEN:—One manufacturer has reported 
that trouble from valves hammering in is prevented 
when the seats are maintained harder than 220 Brinell. 
Free ferrite in the iron seems to tend to stick to the 
valve and cause pick-up. Some types of valve steel 
cause more trouble than others; I do not know why. 

A VISITOR:—I have observed a number of engines 
which would run without change in the valve seats for 
100 hr., after which there would be a sudden drop of 
about 0.004 in. in 4 hr. Apparently the Brinell hard- 
ness of the valve seat was sustained all the time. 

Mr. WICKENDEN :—Most plain irons can work at a 
temperature of say 1100 deg. for quite a long time with 
no apparent change, after which comes a rapid decrease 
in combined carbon and hardness. The addition of 
nickel and chromium increases the stability of iron at 
elevated temperatures. Wear such as the last speaker 
mentioned usually is accompanied by a reduction in 
hardness. 

Mr. MILBRATH:—Wear in the valve guides might 
cause a similar action. We have found that recondi- 
tioning the guides after successive 50-hr. runs has 


prevented wear, warping and eccentric seating of the 
valves. 


Vagaries of Expansion Ratio 


D. CLAUSEN‘:—I understand that most alloys have 
an expansion ratio greater than that of steel. Can you 
explain the low expansion of the 36-per cent alloy? 


4A. O. Smith Corp., Milwaukee. 


5 Assistant chief engineer, Kearney & Trecker Corp., Milwaukee. 
*MS.A.E.—Vice-president, LeRoi Co., Milwaukee. 


Mr. WICKENDEN :—Invar steel has peculiar proper- 
ties. Adding about 20 per cent of nickel to steel gives 
a high coefficient of expansion; increasing the amount 
to over 30 per cent, the coefficient begins to decrease; 
an Invar steel, containing about 36 per cent of nickel, 
has almost a zero coefficient of expansion at normal 
temperatures. Above 300 deg. fahr., the coefficient of 
this material begins to increase again, until it is about 
the same as that of a 20-per-cent alloy at temperatures 
between 700 and 800 deg. If the nickel is increased to 
about 40 per cent, the coefficient of expansion will not 
be quite as low at room temperatures but the low co- 
efficient will be retained up to about 400 deg. 

WALTER M. POHL’:—It is well known that the alloy- 
ing of steels makes very little change in their modulus 
of elasticity. Does alloying have any noticeable effect 
on the modulus of elasticity, fatigue limit or damping 
factor? The damping factor is important in vibration 
analysis of machine-tool structures. 

Mr. WICKENDEN :—The modulus of elasticity of cast 
iron apparently depends upon the amount of graphite 
and its form. Graphite may be considered as leaving 
voids in the material. If the total carbon is as much as 
4 per cent, the voids are very large and the modulus of 
elasticity is low. Reducing the total carbon to 3 per 
cent, of which 2 per cent is graphitic, increases the 
modulus. 

Long, sinuous graphite flakes have a greater effect 
than graphite in small nodules. The modulus of high- 
strength irons is high because of the amount and form 


of the graphite rather than directly because of the 
alloys. 


Damping and Rigidity of Alloy Irons 


Mr. POHL:—We know that cast iron damps out vibra- 
tion in less time than steel, primarily because of its in- 
herent resistance as measured by the damping factor. 
An ideal cast iron for machine-tools would have some 
free graphite, a relatively high modulus of elasticity 
and a high damping factor. 

Mr. WICKENDEN :—I have never had occasion to study 
that point. High-strength irons contain an appreciable 
quantity of graphite, to which I suppose the difference 
in damping effect between iron and steel is due. Ap- 
parently it is sufficient to be satisfactory, as material 
of this sort is being used largely for machine-tools. 
The strength may be 35,000-45,000 lb. per sq. in., and 
the grain is very fine, so the ways will take a high 
polish. An appreciable reduction in section is possible, 
as compared with ordinary iron, with the same rigidity 
because of the higher modulus of elasticity. This 
modulus may be more than 20,000,000, while that of 
some iron is about 15,000,000. 

J. R. FRANTZ*:—When the hardness of cast iron is in- 
creased by heat-treating, is the strength also increased? 

Mr. WICKENDEN :—Quenching apparently increases 
the strength of iron little if any. The principal change 
is in the hardness and wearing properties. The quan- 
tity and form of the graphite have a great influence on 
the strength, and the quenching operation does not 
change the graphite in gray iron. Quenching malleable 
iron, in which all the graphite is in combined form, 
causes a marked increase in strength. Strengths as 
high as 80,000-100,000 Ib. per sq. in. have been devel- 
oped in such iron. 
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Automotive Research 


Prevention of Valve-Seat Erosion 
By Edward M. Getzoff’ 


ORE THAN SEVEN YEARS of investigation 

of the problem of preventing valve-seat erosion 
under severe operating conditions in motor-truck and 
motorcoach engines are reviewed briefly. Engineers 
are said now to be generally agreed that an insert 
ef some non-ferrous material is the only means of 
obtaining a valve seat that will stand severe service. 
A theory for the cause of a thin spotty deposit or 
pick-up on the valve seat that accelerates erosion is 
advanced, and this deposit is said to be absent on 


MONG the troublesome failures encountered in 
gasoline engines operating under severe service 
conditions is the erosion of the cylinder-block ex- 

haust-valve seat. As a result of the erosion, the valves 
sink into the cylinder-block, with a consequent loss of 
clearance between the valve stem and the valve-lifter ad- 
justing screw; and valve burning and cylinder-block 
cracking often follow in rapid succession. 

The problem of preventing valve-seat erosion has been 
under investigation by the Plainfield testing laboratory 
of the International Motor Co. for more than seven years 
without completely satisfactory results being ohtained. 
Recently, however, through an original application of a 
commercial: alloy by this laboratory, valve-seat erosion 
has been minimized to such an extent that it can be re- 
garded .as negligible even in engines operating at top 
speed; wide-open throttle and with lean mixtures. These 
results have been substantiated both by tests conducted 
at the laboratory and by use in actual service where, pre- 
viously, consecutive failures had been reported. 

Experimenters investigating this problem soon found 
that the original cast-iron seat would not withstand ex- 
treme service operation, regardless of the material speci- 
fication. It is now generally agreed that some form of 
metal insert made of other than cast iron is the only 
means for obtaining a valve seat that will withstand 
severe service. That the insert idea is not new is shown 
by the fact that a study of the United States Patent Office 
records revealed a patent granted in 1885 on the use of 
a separate valve-seat. Modifications of the principle for 
use on gasoline engines followed in 1892 and 1898. At 
present the patent claims are so varied that very little 
possibility exists of a valid claim being obtained on any 
modification of existing methods. 

Inserts, or rings, of cast iron secured in place by a 
drive fit are rarely any better than the material of the 
original block. However, they present a satisfactory, 
economical means for renewal of the seat. 


Non-Ferrous Inserts Superior to Iron 


Cast irons such as the following, containing special ele- 
ments that give superior heat-resisting properties to 
iron for many other purposes, do not make satisfactory 
valve-seat inserts: 


Per Cent Per Cent 
Total Carbon 2.90 Nickel 65 to 70 
Combined Carbon 0.80 Chromium 15 to 20 
Sulphur 1.80 Sulphur 8to 5 
Molybdenum 1.49 Iron 20 to 35 
Iron Balance 





1 M.S.A.E.—Mechanical engineer, engine-testing laboratory, In- 
ternational Motor Co., Piainfield, N. J. 
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valve seats made of non-ferrous metals. Aluminum 
bronze gives satisfactory results but is difficult to 
secure to cast-iron cylinder-blocks because of its 
greater coefficient of expansion. 

Several partially successful methods of securing 
aluminum-bronze rings to cast iron are shown. A 
method that is applicable to one alloy which has 
reduced erosion under the most severe operating con- 
dition to such an extent that it is almost negligible 
is described. 


Observation has shown that, whenever a departure 
from cast iron is made, better results are obtained. The 
sealing surface of a valve operating on an eroded seat of 
ferrous specification generally is covered with a very 
thin spotty deposit. The conditions surrounding the 
formation of this deposit have been questioned. One ex- 
perimenter offers the opinion that the accumulation may 
be, not an oxide, but an iron carbide, starting in the 
form of particles of carbon deposited on the seat, which 
particles pick up iron from the cast-iron seat and then, 
in themselves, become extremely hard protrusions. 
These protrusions aid greatly in accelerating the seat 
erosion, as they first tend to raise the valve, with a con- 
sequent blow-by of the heated gases of combustion, 
which results in burned valves and seats. Secondly, 
they pound their pattern into the seat and also cause 
the seat to wear away as the valve rotates. 

When non-ferrous metals are used, this spotty de- 
posit generally is absent. Apparently, this is one of the 
factors that contribute toward the better results ob- 
tained with aluminum bronze. Aluminum bronze has a 
high “red” hardness; but, as noted, some of the ferrous 
alloys that have a high red hardness have been found 
unsuitable for valve-seat rings. This tends to indicate 
that some such property as avoidance of the spotty de- 
posit, rather than the relative hardness of a material, 
is, as illustrated by the iron-carbide theory, the impor- 
tant contributory factor in the conditions surrounding 
valve-seat erosion. Numerous tests conducted by the 
Plainfield laboratory on cast irons of varying hardness 
have substantiated the fact that a material having a 
high Brinell hardness does not minimize seat erosion 
sufficiently to offset the greater difficulties encountered 
in machining and the rejections. 

Aluminum bronzes of both the following specifica- 
tions give satisfactory results, although the second is 
better for severe service. 


Per Cent Per Cent 
Aluminum 9 toll 10.5 to 11.5 
Nickel 0 4to6 
Iron 0 4to6 
Magnesium 0 0.1 
Impurities 1.5 et 
Copper Remainder Remainder 


The first specification is generally used in bar stock, 
while the second is used in castings, which can be heat- 
treated to increase toughness and to raise the Brinell 
hardness. Inserts having a Brinell hardness of 200 to 
250 have given very satisfactory performance. Tests 
show that aluminum bronze of some specifications re- 
tains its hardness at temperatures as high as 1200 deg. 
fahr. This factor no doubt contributes toward the bet- 
ter results obtained (See Fig. 1). 
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Methods of Securing Aluminum-Bronze 
Inserts 


The chief difficulty that bars the general use 
of aluminum bronze is the lack of an entirely 
satisfactory method for securing rings made of 
that material to cast-iron cylinder-blocks. This 
condition results from the fact that the co- 
efficient of expansion of aluminum bronze is 
considerably greater than that of cast iron 
(See Fig. 2). In aviation engines the problem 
of securing the aluminum-bronze insert is ren- 
dered relatively simple by a number of methods 
which lend themselves readily to average man- 
ufacturing conditions; whereas, in truck or 
bus engines, those methods are not satisfac- 
tory. Overhead-valve aviation engines, in gen- 
eral, use aluminum for the cylinder-head ma- 
terial, while the usual truck engine is of L-head 
construction and its cylinder-block usually is of 
cast iron. Aluminum bronze, by its greater ex- 
pansion under the heat of operation, crushes 
both the cast iron and itself, so that, although 
the seat may have been secured with a drive fit, 
that fit is destroyed when the block cools after 
full-load operation. Figs. 3 to 6 show a few of mate 
the methods used with partial success to secure 
aluminum-bronze rings to cast iron. Some ex- 
ceptional results were obtained with the pin 
method shown in Fig. 4, but, as a result of the 
necessity for extremely careful workmanship, 
this method has not been successful when tried 
by field operators and the usual service station. 

Many other methods of attacking the valve- 





This Method Did Not Assure Inti- 
Contact of the Insert with 
the Block, and Test Inserts Even- 
tually Loosened. Only Aluminum- 
Bar Stock Is Suitable for 
Extrusion; Hard Castings, with 
Their Advantages, Cannot Be Used 


Bronze 


F1G. 5—INSERT THREADED INTO 
THE CYLINDER-BLOCK With This Method the Inserts 


Uniformly Tight Thread Fits 


Position of Insect he Drill Rod Pins 
-} before expanding... ¢ diametrically oppostte -----~.__ 
UN  _ —s— WSF 
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A FEW OF THE EXPERIMENTAL METHODS USED WITH PARTIAL 
SUCCESS FOR SECURING ALUMINUM-BRONZE RINGS TO CAST IRON 


Fic. 3—INSERT EXTRUDED INTO Fic. 4—INSERT SECURED BY 
DOVETAILED SEAT BY A ROLLER 


MEANS OF Four 1/16-IN.-DI- 


EXPANDER AMETER PINS 


This Method Requires Careful 
Workmanship. The Pins Loosened 
Unless Extreme Care Was Used 
in Drilling the Holes for Them 


Fic. 6—INSERT SECURED BY 
SpoT-WELDING AT FouR PoINTS 


Loosened under the Heat of En- 


gine Operation in Severe Testing 
seat erosion problem have been equally unsuc- Wr Difficult To Obtain, and with 
cessful in accomplishing a complete cure. * Por Fit There Was Less Con- 
Methods such as directing the flow of the cool- tact for Heat Transfer 


ing water against the exterior of the valve-seat 

port, extreme water-jacketing of the valve guide, salt- 
cooled valves, flat-seat valves, and increasing the thick- 
ness of the cylinder-block deck have not completely pre- 
vented the difficulty from recurring in severe opera- 
tions, although each method has raised the dividing line 


that marks the duration and type of service under 
which valve-seats erode. 


Good Results Obtained with a Commercial Alloy 


In summarizing the results of testing as herein 
described, the major portion of the story is necessarily 
omitted. The parts omitted concern the hours of 
tedious checking and rechecking of test runs, the care- 
ful analysis and charting of data to be certain that 
the results obtained are consistent and to be sure that 
errors have been avoided. It was found that the pro- 
cedure of testing required repeated revision before 
satisfactory data could be consistently obtained. The 
practice of varying the material specification in the 













same cylinder-block gave unreliable results, as all 
exhaust-valve seats did not erode or sink at the same 
rate; nor was the sinking isolated to the same port, 
but varied from test to test without any apparent con- 
sistency with respect to amount or location. Therefore, 
in the testing, it was found desirable to make the in- 
serts of a uniform material throughout the entire 
cylinder-block for a single test. 

Originally, a slight decrease in valve-seat erosion was 
deemed worthy of consideration; but when the mate- 
rials that gave slight improvements were found unsat- 
isfactory in service operation, the laboratory personnel 
became more and more skeptical of those materials that 
showed any evidence of sinking. The goal finally set 
was that the material must be practically free from 
seat erosion or sinking. At the time this goal was 
established no material was at hand which would fulfill 
these demands, and it was tentatively decided that 
the use of a cast-iron ring, which could readily be 

held by a drive fit and easily replaced, 



























was perhaps the correct solution, al- 
0.160 + T T — 6.020 —— ee though it.had little value in prevent- 
£ 0.140} = $+ F oat ing erosion from occurring in severe 

§ 0.120 +4 oe & — ‘=0.015 + service. Hiss 
4 wal | Since then, through an application 
y | § of a commercial alloy, the Plainfield 
eT Poe , ale 0.010 laboratory has been able to approach 
S& 0.060 | ; ee | the exacting requirements of the 
® 0.040 |— | 8 0,005 +————— above standard. Both laboratory and 
s 0.020 | & | | field testing have shown that valve- 
0 | i am seat erosion has been eliminated to 
0 wo ©6200 300 400 500 600 200 400 800 1000 1200 ##such an extent that it may almost be 
Time, hr. Temperature , deg. fahr. regarded as negligible under the most 

Fic. 1—RATES OF CYLINDER-BLOCK 


VALVE-SEAT RECESSION UNDER SPECIAL 
TEST CONDITIONS, USING VALVE-SEAT 
INSERTS OF DIFFERENT MATERIALS 


Fig. 2—ExXPANSION OF 2-IN.-LONG 
TEST PIECES OF DIFFERENT MATE- 
RIALS 


severe operating condition. Buses 
have been equipped with the alloy in- 
serts and operated for 30,000 miles 
with no occasion to adjust valves, 
whereas previously, with valve seats 
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of the original cast iron, valve setting was commonly 
necessary after 2000 miles of operation. 

One of the materials which, from initial laboratory 
testing, showed some improvement but failed to be com- 
pletely satisfactory in severe service contained 18 per 
cent of chromium and is widely used for its stainless 
properties. Its appearance after severe testing was 
exceptionally good, but field use showed that it did not 
prevent the valve from sinking into the block. 


Advantages of the Flat-Seat Valve 


Another point for engineering discussion has been 
the question of the relative advantages of the flat-seat 
exhaust valve and the reason for any such advantages. 
The experience of the Plainfield laboratory when ex- 
perimenting with angle-seat valves has been that, 
although the entire periphery of a cast-iron seat sank, 
invariably only a portion of its periphery eroded. 
Careful measurement of the inside diameter of the 
port never revealed that a permanent deformation had 
occurred between the runs of any 
test or after long periods of op- 
eration. However, no information 
has been gathered to show the 
form that a conical valve-seat as- 
sumes under the heat of opera- 
tion. The possibility of a slight 
distortion, which may increase 
with the severity of the service, is 
readily conceivable. To obtain a 
theoretically perfect seal with a 
conical valve, it is necessary for 
the central axis of the valve stem 
to coincide exactly with the axis 
of both the cone of the valve and 
the cone of the cylinder-block 
valve seat. However, with the 
flat-seat valve, insofar as the cyl- 
inder deck remains flat and paral- 
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the well-equipped garage or readily obtainable at any 
commercial tool-supply house. The method is shown in 
Fig. 7. Because of patent investigations now being 
conducted by the International Motor Co., full details 
cannot be given at this time. However, it can be said 
that the metal is alloyed with a soft-steel ring which 
is then secured to the cast-iron cylinder-like block by 
a drive fit in addition to the two locating or fastening 
screws. The alloy is of such hardness that it cannot 
be cut with steel tools but must be ground when squar- 
ing the seat. But when the countercore in the cylinder- 
block is carefully cut, there is no need to grind the 
material after assembly, as the ring is carefully ma- 
chined and the Mack flat-seat valve coincides with the 
flat seat of the insert without any other truing up 
being necessary on production cylinder-blocks. In ser- 
vice, when seats are being installed in cylinder-blocks 
having worn valve-guides, a grindstone or grinding 
wheel may be used for squaring the sealing surface 
with the axis of the valve guide. 

Test results which very nearly 
equalled the performance of the 
Mack Alloy were obtained by the 
use of inserts composed of cop- 
per-tungsten cemented to cast- 
iron rings in the presence of hy- 
drogen. However, as a result of 
a slight transfer of the material 
from the insert to the exhaust- 
valve seat and a tendency for the 
copper-tungsten alloy to flow 
slightly at the edges under the 
constant pounding and heat of se- 
vere operation, which results in a 
deformation of the exhaust-valve 
seat, this material cannot be rated 
as highly as the Mack Alloy, al- 
though its ability to resist seat- 
sinking was or is better than that 


lel with the crankcase deck, the Fic. 7—METHOD FINALLY ADOPTED FOR of aluminum bronze. 
exhaust port may distort horizon- SECURING MACK ALLOY INSERTS Tests R or ’ 
tally at will without seriously af- A Special Non-Ferrous Material Containing ests un on Mack A oy nserts 
fecting the seating of the flat a Large Percentage of Tungsten Is Alloyed To assure that the material 
valve on the flat deck. with & Soft-Steel Ring and the Insert Is specification was fully satisfac- 
Although the flat-seat valve has a cn hoc a cn ee ie bast tory and to determine whether the 
not completely eliminated seat Ti and Two Locating or Fastening Screws.  OetsOg" of “securing ‘the insert 
erosion in extremely severe ser- in veiestion Meatnes and Con Readily Be would withstand the most severe 
vice, instances have been reported Replaced in Well-Equipped Service Stations field service, the following tests 


of bus operations in which valve- 
seat erosion was prevalent with 
the angle-seat valve, but satisfac- 
tory valve-seat life was obtained 
upon using the flat-seat valve 
with the original cast-iron deck, without any other 
change being necessary. Tests indicated that the tem- 
perature of a flat valve generally is higher than that 
of the angle-seat valve; but, from analysis of field re- 
sults, the greater benefits obtained from the flat con- 
struction have not been offset by the relatively small 
increase in temperature. As noted, the actual field 
results have been in favor of the flat valve, which has 
given satisfactory performance in buses and trucks in 
all types of operation. 


Soft-Steel Rings Alloyed with a Non-Ferrous Material 


The name Mack Alloy has been given to the final 
product obtained by use of the aforementioned com- 
mercial alloy containing a high percentage of tungsten 
in the application as developed by the Mack laboratory. 
The semi-unified ring resulting from the process re- 
tains the characteristics of both of the original metals. 

A simple method has been developed for attaching 
the insert to the cast-iron cylinder-block. This method 
can readily be executed in the usual service station 
without special tools or equipment other than that in 
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without Special Tools. 

Valve-Seats in Cylinder-Blocks Having Worn 

Valve-Guides, the Sealing Surface Can Be 
Ground Square with the Valve Guide 


When Installing were conducted on cylinder-blocks 


having exhaust-valve seats com- 
posed of the Mack Alloy. The 
carbureter was set to obtain a 10- 
per cent loss in horsepower out- 
put as a result of a lean mixture-ratio. The engine was 
run at wide-open throttle for 50 min. at 400 r.p.m. 
above the governed engine-speed. During this period 
the jacket cooling-water was permitted to boil. At the 
end of the 50 min., the engine was idled immediately 
and the jacket cooling-water was reduced in tempera- 
ture as rapidly as possible. At the end of the 10 min., 
during which time the cylinder-block was thoroughly 
cooled, the speed was raised immediately to the peak- 
power speed for another 50-min. period as described 
above. This cycle of operation was repeated every 
hour. 

One engine was subjected to 700 hr. of testing at 
400 r.p.m. above the governed speed, with an average 
total decrease in valve clearance of 0.003 in. Other 
models of Mack engines were tested for periods rang- 
ing from 300 to 500 hr. of operation at 400 r.p.m. 
above the governed speed, with average valve-clearance 
changes of 0.000 to 0.002 in. 

Another drastic test consisted of draining the jacket 
cooling-water to a level 1 in. below the bottom of the 
cylinder-block deck and running the engine at wide- 












AUTOMOTIVE RESEARCH 335 


open throttle. By this test a method (Fig. 4) of 
securing the inserts which had shown considerable 
merit in previous tests was found unsatisfactory. The 
difference in expansion and contraction of the ring 
and cylinder-block no doubt caused the material around 
the weld to become loosened. 


A Peculiar Phenomenon and Its Explanation 


In an additional test used to determine the effective- 
ness of the alloy, the valves were set when cold with 
a 0.0015-in. clearance between the seat of the valve 
and the cylinder-block, with the valve-lifter roller on 
the dwell or closed part of the cam. The engine was 
run at wide-open throttle. A peculiar phenomenon 
occurred during this test. It was observed that, after 
a few hours of operation, the valve clearance, contrary 
to an expected decrease, became normal with a positive 
clearance of 0.015 to 0.017 in., or slightly greater than 
normal with a clearance of 0.020 to 0.022 in. The 
return to normal clearance following operation with 
the initial setting of negative clearance at the push-rod 
was found to reoccur with surprising regularity. It 
then became obvious that the valve length was decreas- 
ing. A careful measurement of the valve length before 
and after the test revealed this to be the cause of 
the change in clearance. The following theory was 
deduced as a possible explanation for the self-adjust- 
ment of the valve clearance. 

When the valves had a negative clearance of 0.0015 
in. at the start of the run, the valve head and stem 
were heated to an excessive temperature, sufficiently 
high to permit a slight shortening or “forging” of the 
valve length. The shortening of the valve permitted 
the head to seat again on the cylinder-block seat-insert. 
Upon seating, the temperature of the valve decreased 


considerably so that its length decreased still further 
from contraction, as evidenced by. the large clearance 
found .after relatively short périods of running under 
the above conditions. : . 

A careful measurement of the valve before and after 
the test definitely checked the fact that its length 
decreased. The alloy seat, however, was not damaged 
by the procedure. This probably accounts for the 
regularity of the establishment of valve clearance, since 
normally, with cast-iron seats, excessive erosion occurs 
when a valve is given negative clearance at the push- 
rod. 

Valves were run with negative clearance for periods 
totaling 114 hr. without the alloy seat becoming 
inoperative in the slightest degree. When an exceedingly 
slight scale did form, it could be removed readily by 
a few twists of a valve dipped in valve-grinding com- 
pound or by means of an ordinary pencil eraser. The 
seat beneath the slight scale gave no evidence of the 
severe operation to which it had been subjected. How- 
ever, the valves did not fare as well as the inserts. 
Some burned after 18 hr. of testing; others lasted the 
entire 114 hr. without damage of any kind. In previous 
tests, valves operating on cast-iron seats with negative 
clearance generally did not exceed 8 hr. of testing 
before valve burning occurred. 

From the foregoing tests it was evident that good 
results could be expected in field operation. To date, 
field reports have substantiated the laboratory testing, 
and therefore the inserts are being installed as stand- 
ard in Mack engines. 

No doubt other investigators have had interesting 
experiences in the elimination of valve and valve-seat 


difficulties, accounts of which would be of value to the 
industry. 


What the Body Designer Wants in a Chassis’ 


By Roy F. Anderson 


ORE ATTENTION should be given by chassis 
M engineers to the factors in chassis design that 

are most vital to the body designer for each 
body model the line may include. Before proceeding 
with the scale and blackboard drawings, in which the 
initial lines of art are created, the body designer wants 
a preliminary outline of the chassis, showing all avail- 
able tolerances for the wheelbase, tread, frame and 
other major factors. 

In the mind of the body designer, the body space in 
the wheelbase does not control the length of the body 
any more than it does the seating dimensions to pro- 
vide comfort and height of fully closed cars for four or 
more passengers. For illustration, a rear seat located 
ahead of the rear axle, or nearly so, permits comfort 
with less over-all height than is required with the rear 
axle or frame members projecting high under the rear 
cushion. When the seat must be above the rear axle, 
the chassis frame should be wide enough, and the cross- 
members should be designed to allow the cushion to set 
between the frame side-members and around a housing 
directly above the center of the axle. Cross-members 
should be located to avoid unnecessary obstructions for 
recessed floors. 

The body designer is also concerned about some chas- 
sis structural details that greatly affect the design of 
construction for the bodies. These are chiefly frame 
rigidity, anchor-bolt and battery location, space avail- 
able for tire-changing tools and the design of spare- 
tire supports. 


1Condensed Summer Meeting paper. The author is sales engi- 


neer of the Murray Corp. of America, Detroit, and is a member 
of the Society. 


Chassis-frame rigidity is essential for a quiet body 
and for the operation of the doors without strenuous 
effort when the car is parked where the wheels are not 
on parallel ground lines. A frame that twists ™% in. in 
90 in. of length causes a 7/16-in. vertical motion at the 
lock side of the front and rear doors of a sedan when 
the center pillar is the lock pillar for both doors and the 
doors open enough to disengage the dovetails. 

The body designer wants chassis-frame flexibility re- 
duced to negligible fractions to avoid excessive body 
weights, cost and service expense. Space for a body 
cross-member between the side sills at the pillars di- 
rectly ahead of the front doors, where the strain in the 
body is greatest but the available means for support is 
least, would be an improvement. 

Soon after the body drafts are started the anchor- 
bolt locations become a problem for which the body de- 
signer needs the chassis engineer’s full cooperation, as 
well as for the area of bearing on the chassis at these 
points. The body designer wants a bolt close to the base 
of each pillar at door openings and additional bolts in 
the door opening when the door is extra wide. The 
area of bearing should be sufficient to assure rigidity 
in the relation of the body sills to the chassis frame. 

Access to the car’s battery and tire-changing tools 
should not require removal of a cushion. 

Car ventilation becomes chiefly a cooling problem 
when heat from the engine, exhaust pipe or muffler 
penetrates the body. The chassis design should be 
worked out so that provision for proper ventilation can 
be designed into the body without having to contend 
with excessive heat from such parts. 
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Two papers on the 
subject of formu- 
las for rating motor- 
trucks featured the 
opening session of the 
Semi-Annual Meeting. 
These papers were 
contributed by M. L. 
Pulcher, of the Fed- 
eral Motor Truck Co., and L. R. Buck- 
endale, of the Timken-Detroit Axle Co. 
Their presentation was followed by ex- 
tended discussion and the passing of a 
resolution which caused action of the 
Council in constituting a joint commit- 
tee’ of the Motor-Truck and the Trans- 
portation and Maintenance Activities 
of the Society to study the problem 
with the object of producing an ac- 
ceptable method of rating motor-truck 
and motorcoach chassis. 

Activities of the Commercial Car 
Journal on the question of truck rat- 
ings’ led to cooperative publication of 
these two papers’ and most of the more 
important points in the discussion* in 
that journal. On these pages we will 
merely outline the different proposals 
for formulas and,the views from the 
discussion that seem most significant. 

The title of Mr. Buckendale’s paper 
was A Suggested Basis for Rating the 
Ability of Motor-Trucks, and the for- 
mula which he presented had to do 





only with the ability, not with the 
structural load-carrying capacity, of 
the vehicle. 
7 TxRxE 
W gq = = 1 
1 +X (G+F) (1) 
in which 
E = over-all mechanical efficiency in 
high gear 


F' = rolling resistance, in pounds per 
pound of gross load 
G = gradient, in feet of rise per foot 
traveled 
R = total gear reduction 
=radius of the rear tire 
load, in inches 
T = torque of the engine, in pound- 
inches 
Wo = gross weight of the vehicle, in 
pounds 
This formula can be transposed for 
convenience in finding the engine torque 
required for given conditions 
p= Woxrx (G+F) as 
RxE 
or for finding the road resistance which 
can be overcome by a given vehicle 
Woxr G+F 
B= Tr ae ae (3) 
xX E 
Figures for the rolling radius of tires 
can be obtained from Table 3 in the 


1 See S.A.E. JOURNAL, July, 1931, p. 3 
September, 1931, p. 178. 

2See Commercial Car Journal, February, 
1931, p. 26; May, 1931, p. 22 and June, 
1931, p. 27. 

% See Commercial Car Journal, July, 1931, 
p. 14. 

See Commercial Car Journal, August, 
1931, p. 16. 

5See S.A.E. JOURNAL, December, 
655. 


under 








, and 


1930, p. 


® See S.A.E. JOURNAL, August, 1930, p. 187, 






Transportation Engineering 


Truck-Rating Formulas 
Abstract of Papers by L. R. Buckendale and M. L. 


Pulcher, with Discussion 


paper’ on Practical Tractive-Ability 
Methods given by Austin M. Wolf at 
the 1930 Transportation Meeting, or 
from tables furnished by various tire 
companies. Rolling resistances are 
given in Table 1, herewith. Similar 
tables can be found in the Wolf paper’ 
and from other sources. These values 
frequently are given in pounds per ton 
of load, so that the value must be con- 
verted to pounds per pound for use in 
Mr. Buckendale’s formula. 

Mr. Buckendale closes with the re- 
commendation that motor-trucks be 
rated by the gross vehicle weight which 
can be hauled up certain grades on the 
basis of 85-per-cent efficiency and 0.015 


lb. per lb. rolling resistance. The 
gradients suggested as standard for 
various classes of service are as fol- 


lows: tractor and trailer, 4 per cent; 
favorable, 5 per cent; average, 6 per 
cent; and heavy-duty, 7 per cent. 


Rating Capacity by Vehicle Weight 


Rating the Motor-Truck was the 
title of Mr. Pulcher’s paper, in which 
he stated three possible bases for ap- 
proach to the subject: 

(1) A conservative rating, both manu- 
facturer and customer agreeing that the 
vehicle is capable of carrying a considerable 
overload. 

(2) A maximum 
vehicle will carry 
operating conditions. 


that the 
average 


rating, all 
safely under 


(3) Entire abolition of ratings and sub- 
stitution of the maximum allowable 
weight. 

While Mr. Pulcher says that the al- 
lowable gross weight really fixes the 
capacity of the truck, laymen have al- 
ways used tonnage ratings to designate 
truck sizes. He favors retaining such 
ratings, preferably allowing for a 


gross 


TABLE 1—ROLLING RESISTANCE OF 
VARIOUS TYPES OF ROAD 


Rolling Resistance (F), 
Type of Road Lb. Per Lb. of Load 


Concrete 


Excellent 0.01 

Good 0.015 

Poor 0.02 
Asphalt 

Good 0.0125 

Fair 0.0175 

Poor 0.0225 
Macadam 

Good 0.015 

Fair 0.0225 

Poor 0.0375 
Cobbles 

Ordinary 0.055 

Poor 0.085 
Snow 

2 in. 0.025 

4 in. 0.0375 
Dirt 

Smooth 0.025 

Sandy 0.0375 
Mud 0.0375 to 0.15 


reasonable overload, 
as has been the prac- 
tice in the past. 

Assuming that a 
direct relationship 
exists between the 
weight of a truck and 
its carrying capacity, 
Mr. Pulcher proposes 
that a formula be developed in which 
either the allowable gross weight or 
the carrying capacity of a truck should 
be the product of the weight of the 
fully equipped chassis multiplied by a 
constant. The tractive capacity of the 
vehicle might be determined by a sim- 
ilar formula in which the engine torque 
should be the gross vehicle weight mul- 
tiplied by a suitable constant. 

Taking 2% as a tentative constant 
in the formula for carrying capacity, 
a truck having a‘chassis weight of 6550 
lb. would have an allowable gross 
weight of approximately 16,000 lb. 
With a 2000-lb. body, the payload would 
be 7450 lb., and a conservative rating 
would designate the vehicle as a 2% 
to 3-ton truck. Assigning a load of 80 
lb. to each unit of engine torque, the 
torque required to drive this vehicle 
would be 200 lb-ft. 

These formulas were not definitely 
recommended; but it was suggested 
that similar formulas developed by a 
group of representative engineers 
would provide a rating method which 
would be infinitely better than none, 
although the results would be only 
approximations. 


Discussers Divided in Opinions 


T. C. Smith, of the American Tele- 
phone & Telegraph Co., opened tke dis- 
cussion by saying that trucks are of 


two kinds: “luggers,” which include 
dump trucks and similar slow-speed 
trucks for heavy-duty service, and 


other trucks which are used to trans- 
port loads of material, as in delivery 
service. A vehicle which is called a 
3-ton or 18,000-lb. truck in heavy-duty 
service should have a different rating 
for delivery service. It would help if 
someone would do the work and take 
the responsibility of establishing the 
minimum-requirement specifications for 
an 18,000-lb. truck, and trucks of other 
sizes, in each class of service. Not 
only should the engine be specified but 
also other parts of the chassis, includ- 


ing the gear reductions, and the 
strength and ability of the entire 
structure and mechanism. Small en- 


gines with large gear reductions may 
be desirable for some types of service. 
If S.A.E. minimum-requirement speci- 
fications should be established they 
would provide something which we are 
now having difficulty in obtaining from 
groups like the axle manufacturers, 
who are withdrawing their former 
ratings on axle-load capacities. 

Pierre Schon, of the General Motors 
Truck Co., made reference to a paver" 
on Weight and Size Trends in Motor- 
Truck Development which he presented 

























































at the 1930 Annual Meeting. Part of 
this paper was devoted to the advan- 
tages of rating trucks by maximum 
gross weight as compared with nominal 
payload ratings. This, he says, puts 
the matter entirely in the hands of the 
engineers and has proved satisfactory 
during the three years that it has been 
used in merchandizing General Motors 
trucks. In practice, a limited variation 
in ratings can be given to the same 
chassis according to the size of tires, 
and taking into consideration the 
classification of operating conditions 
as favorable, normal or severe, the 
maximum service rating applying to 
favorable operating conditions, and bal- 
loon tires of the largest size released 
by the designing engineers for that 
chassis. 

Mr. Schon also made reference to 
three articles’ by George T. Hook on 
the subject of truck rating. Opinions 
of a number of engineers and officials 
in the motor-truck industry were quoted 
in the last two of these articles. Mr. 
Schon says that some of the objections 
made against the gross-weight rating 
apply even more strongly to the old 
method of capacity rating. 

A. J. Scaife, of the White Motor Co., 
brought up the importance of consider- 
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chart to facilitate selecting a combina- 
tion which is desirable to secure the 
best results. He stated that operating 
vehicles below this range is uneco- 
nomical. 

Mr. Scaife recommended considering 
a formula based on gross load in re- 
lation to chassis weight, ability ex- 
pressed in pounds-feet of the engine, 
and a fixed vehicle speed. 

B. B. Bachman, vice-president of the 
Autocar Co., objected specifically to 
the omission of vehicle speed from the 
formula and said that the formulas 
proposed by Mr. Pulcher and Mr. 
Buckendale assumed too many factors 
to remain constant or essentially con- 
stant. The chassis weight has a re- 
lation to its carrying capacity unless 
the design is obviously a freak, but the 
ratio is not the same for a concrete 
highway as for a sandy road. 


Mr. Bachman suggests: 


(1) That the gross vehicle weight be 
determined for a gradient factor of 3 per 
cent and direct-gear operation, which he 
believes to represent a sound basis for prac- 
tice now and in the immediate future. This 
factor is to be used for all types of hauling, 
including tractors and heavy-duty vehicles. 


(2) That the engine speed, with the gear 
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FIG. 1—VEHICLE-ABILITY CHART 

Curves for All Four Engines Are Based on Direct Drive with 6:1 Axle 


Cent Transmission-Efficiency, Engine Speed 


and Tires Having 


ing the speed, illustrating his discus- 
sion with a chart made by George R. 
Gwynne, which is shown in Fig. 1. 
Curves are given for engines of 150, 
200, 300 and 400 lb-ft.; and scales are 
provided to read, for various vehicle 
weights, the ability factor (tractive 
effort divided by gross vehicle weight) 
and the percentage of grade which can 
be ascended in high gear on roads of- 
fering resistances of 30 and 50 lb. per 
ton. The performance of the different 
engines under various gross loads in 
direct drive between the ability factors 
of 0.03 and 0.045 is indicated on the 


7See Commercial Car Journal, February, 
1931, p. 26; May, 1931, p. 22 and June, 
1931. p. 27 


tolling 


Ratio, 90-Per- 
of 1000 R.P.M., Vehicle Speed of 20 M.P.H. 
Radius of 20 In. 


ratio and wheel size considered, shall be 
kept within the limits of 50 to 75 r.p.m. per 
m.p.h. of vehicle speed, the lower figures 
to be used for the lighter classes of service 
and the higher for heavy-duty service. 

(3) That gears, bearings and structural 
load-carrying portions of chassis for dump- 
ing service and tractors be compared on the 
basis of continuous operation in next-to-top 
gear. 

The last suggestion is made because 
vehicles of this class need high ability 
but only for limited distances for off- 
road service. 

M. C. Horing, of the International 
Motor Co., said that substantial man- 
ufacturers have shunned the maximum 
rating both because of the scant respect 
in which such ratings are held by oper- 
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ators and because the maximum safe 
load under normal operating conditions 
may be a drastic overload under less 
favorable conditions. Gross-load ratings 
have long been advocated. One reason 
for the more serious consideration that 
they are being given today is the 
stringent gross-weight limitation to 
which they are being subjected by some 
States. Such ratings too often are 
based solely upon the tire capacity 
without reference to the suitability of 
the tire sizes to the chassis or the dis- 
tribution of load. 

It seems to Mr. Horine that gross- 
weight rating is an awkward guide to 
the operator in selecting a chassis. Not 
all chassis of the same gross capacity 
weigh the same. If the figure were 
given for the combined weight of body 
and payload, operators could then ap- 
proximate the average body weight for 
the class of work to be done, thus 
arriving at the payload capacity. The 
pneumatic tire holds the key to the 
situation, and the tire equipment sup- 
plied by the manufacturer serves as a 
definite load limit. If truck manufac- 
turers will build their chassis to sup- 
ply supporting strength and perform- 
ance ability corresponding to the gross 
weight which the tire equipment will 
sustain, the tires supply a definite and 
unequivocal gross-load rating. The 
manufacturer has merely to subtract 
the chassis weight from the gross 
weight to rate his chassis in terms of 
body-and-payload capacity. 

Cooperation by tire manufacturers 
would be needed to discourage changes 
to oversize tires. Truck manufacturers 
can partly control this by limiting 
clearances. 

As long as research and engineering 
persist in developing better ways of 
doing things, said Mr. Horine, so long 
will formulas of the type proposed be 
misleading and ineffective. Load ca- 
pacity depends upon tire capacity, 
spring capacity, strength of load-sus- 
taining parts, bearing sizes and load- 
ings, performance ability or tractive 
effort, chassis weight, body and equip- 
ment weight, nature of load, character 
of roads, speed, grades and load dis- 
tribution. Can any rule of thumb, he 


asks, correctly reflect all of these fac- 
tors? 


Gross-Weight Rating Is Satisfactory 


W. D. Reese, chief engineer of the 
General Motors Truck Co., agreed with 
Mr. Pulcher that a simple method of 
rating a truck based upon knowledge of 
its units would be highly desirable, but 
he believes that no simple formula can 
be hoped for which will include all the 
factors that should be considered and 
that any formula evolved’ would be 
subject to periodic change as improve- 
ments are made. 

For gross-weight measurement only, 
a formula might be developed whereby 
the weight of the rear of the chassis 
multiplied by a factor would give the 
allowable gross load. A factor of 5.6 
fits fairly closely all General Motors 
models excepting the six-wheelers. He 
has not checked this factor against 
weight figures of other manufacturers. 

Mr. Buckendale’s formula has been 
found correct in forecasting perform- 
ance at the General Motors proving 
grounds, but Mr. Reese does not con- 
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sider it suitable as a rating for the 
eapacity of the vehicle, for the follow- 
ing reasons: 


(1) It would lead to a total disregard of 
balanced design. 


(2) Increasing the size of the tires would 
reduce the rating. 


(3) Auxiliary transmissions would cause 
confusion. 


(4) Changing the axle ratio or engine 
size without other modification would affect 
the rating excessively. 


(5) No provision is made for differentiat- 
ing between light, medium and heavy-duty 
service. 


Mr. Reese favors the maximum 
allowable gross weight as the basis of 
satisfactory sales and service. 

C. A. Pierce, vice-president of engi- 
neering and production of the Diamond 
T Motor Car Co., asked if the legis- 
latures do not depend upon the Society 
and the N.A.C.C. to assist them in the 
problems of truck rating and truck 
speeds. He believes that a formula 
of the type presented by Mr. Bucken- 
dale is workable and suggests that the 
speed, which does not enter into the 
formula, might be based upon the gross 
weight of the vehicle. He suggests 
that all of the States eventually will 
pass laws, as many already have done, 
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fixing maximum speeds according to 
the gross weight. 


Overselling Has Worked Harm 


J. F. Winchester, of the Standard 
Oil Co. of New Jersey, expressed the 
opinion that adverse legislation regard- 
ing motor-trucks has been brought 
about by oversale of trucks, resulting 
in accidents and a general feeling that 
such vehicles are not entirely safe. The 
salesmen rather than the factory engi- 
neers have controlled the situation, and 
that has allowed abuses to creep in. 
The problem must be solved for the 
benefit of the industry, and it logically 
is a problem for the Society. 

A. G. Herreshoff, chief truck engi- 
neer of Dodge Brothers Corp., proposed 
a system of rating in which the tire 
size, or a lower limit set by the man- 
ufacturer, is the limiting factor; and 
that three or four different ability rat- 
ings, with speed limitations, be used. 

E. W. Jahn of the Consolidated Gas, 
Electric Light & Power Co., Baltimore, 
contributed written discussion in which 
he said that every fleet operator would 
support a move to standardize ratings 
if the method would enable the oper- 
ator to determine the capabilities of the 
vehicle. 

R. H. Van Ness, of the City Ice Co. 
of Kansas City, wrote that truck 
capacity should not be measured by 





chassis weight but that it should be 
set with a conservative allowance for 
overload or poor road conditions. The 
gross load for a given grade and at a 
given speed on dry concrete should be 
determined by test. The payload ca- 
pacity could be determined after the 
cab and body are mounted. 

E. J. Bush, vice-president and sales 
manager of the Diamond T Motor Car 
Co., wrote that, if the majority of 
manufacturers can agree to the same 
rating plan, the S.A.E. rating can be 
given sufficient publicity to build up a 
great amount of prestige such as now 
goes with the recommendations of the 
Underwriters’ Laboratories. He be- 
lieves that the rating should be in 
terms of gross vehicle weight or maxi- 
mum gross capacity. Such a rating 
plan will be the most constructive move 
in the truck industry in many years 
and will lead to other developments 
that will stabilize the industry and 
make it more prosperous. 

James C. Bennett, of the Associated 
Oil Co., of San Francisco, wrote that 
he recognizes taxation as a _ possible 
objection to a departure from the com- 
mon practice of rating trucks conserva- 
tively and asks that such published rat- 
ings be supplemented by more accurate 
and intelligent information to give the 
purchaser a clearer understanding of 
the limitations of the chassis. 




































Utilization of Motor-Trucks 


(Concluded from p. 327) 


changes, improvement in shop tools and garage equip- 
ment, changes in highway conditions and the constant 
demand of owners for greater economy. Pacific Coast 
operators report considerable saving by salvaging parts 
removed during overhaul and placing them in vehicles 
that do very little mileage and operate close to central 
repair-shops. 

Some of the important items that are receiving atten- 
tion are: 


(1) Reducing the cost of operation by selecting the 
right type of equipment for the work in hand 

(2) Minimizing maintenance by improving shop prac- 
tices and educating mechanics 

(3) Discussing mechanical failures, recommending to 


the Society’s Transportation and Maintenance 
Committee means to eliminate them and re- 


porting these failures to dealers’ service men 
through a committee 


(4) Endeavoring to’ maintain closer contact between 
fleet operators, service managers and _ sales 
managers. This builds up friendship that is 
invaluable to all parties concerned and creates 
confidence that results in a better understand- 
ing of one another’s problems. 


(5) Instituting research work on various problems 
and distributing the results among all parties 
concerned. For example, regarding the con- 
sumption of oil and gasoline, our company’s 
research department has made extensive tests 
relating to carburetion and the development of 
motive power; it also has tested governors, air 
and oil-cleaners and the like, and is continually 
making special tests on a large number of 
paint samples. 


Spark-Plug Fouling and Preignition 


WO PREDOMINATING peculiarities of the spark-plug 

in the combustion cycle, namely, fouling and preignition 
from overheating, are common to all. One condition that 
has presented itself is the deposition of a thin film of mag- 
netic red oxide of iron on the spark-plug insulator. This 
deposit appears heavier on the cores of plugs that operate 
at the higher temperatures and is doubly vicious in that, 
although a fair insulator at the lower temperatures, it be- 
comes almost a conductor at the higher temperatures. 

As the crankcase lubricant always carries an appreciable 
content of very finely divided metallic iron, it is possible 
that, during operation of the engine on a lean mixture, with 
associated bFigh temperature and an excess of oxygen, this 
iron is oxidized, vaporized and subsequently deposited on 
the hottest portions of the combustion chamber. It has been 
found in cylinder heads in those edges of the carbon deposits 
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that are not in immediate contact with the cylinder-head 
metal. Evidence of a heavy magnetic content in the sedi- 
ment in the strainer bowl of fuel-pumps also is a definite 
lead to the cause of preignition, although it is not yet con- 
clusive. 

The collection of carbon on the spark-plug core while the 
engine is in operation seems to be, not so much a question 
of continued low temperature of the plug insulator, as of 
the delayed temperature-rise characteristic of the plug, due 
to its design, during the accelerating periods that are 
constantly recurring. Results of investigation show that 
the time-temperature-rise characteristic, as well as the 
stabilized operating temperatures of the plug, favor a de- 
sign wherein the mass of all parts of the plug is substan- 
tially reduced—From a Detroit Section paper by D. M. 
Pierson, assistant chief electrical engineer, Chrysler Corp. 
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News of Section Meetings 


the ballot of the Section was misprinted 
to indicate Herbert C. Walters as 
Treasurer and A. N. Wilcox as Secre- 
tary, whereas Mr. Walters was elected 
as Secretary and Mr. Wilcox as Treas- 
urer. The new officers were given cor- 
rectly in the list of Section officers for 
1931-1932 printed in the S.A.E. Jour- 
NAL for August, p. 107. 

At a meeting of the probationary 
Kansas City Section on July 17, James 
A. Edwards was elected Chairman of 
the Section, and George R. Gwynne 
Vice-Chairman. It was the consensus 
of opinion at the meeting that Orville 
Gilbert should continue as Treasurer 
and Clarence W. Whipple as Secretary. 


To Hold Industrial Confer- 


ences 


HREE industrial conferences are 

planned for the coming winter by 
the Case School of Applied Science and 
the Cleveland Engineering Society. 
These are a continuance of the series 
of educational industrial conferences 
started last spring. The first of the 
coming conferences is to be held Nov. 
18 to 20 at Case School and will be 
devoted to papers on metals and alloys. 
lt will be divided into three parts: (a) 
use of alloys in building and decora- 
tion; (b) use of alloys requiring re- 
sistance to corrosion, high temperature, 
wear and fatigue; and (c) use of alloys 
in the production of machines, aircraft 
and other products. 

The second conference is scheduled 
for January and is to deal with air con- 
ditioning. The third is to be in March 
and to deal with industrial fuels. 


New Englanders Told That 
Driving Is a Privilege 


ORGAN T. RYAN, registrar of 
4 motor-vehicles for Massachusetts, 
told 75 members and guests of the New 
England Section, at the Section’s first 
monthly meeting of the new season, 
that driving a motor-vehicle has been 
held by the Supreme Court to be, not a 
Constitutional right, but a _ privilege 
that may be granted or revoked. The 
law classes the motor-vehicle as a 
dangerous vehicle and the legislature 
has delegated to the Registry of Motor- 
Vehicles the power to grant and to re- 
voke the driving privilege. 

The meeting was held in Boston and 
was preceded by a dinner. Chairman 
Robert F. Lybeck presided and arranged 
to have a radio address by Governor 
Ely. of Massachusetts, on the subject 
of the compulsory insurance law broad- 
cast at the meeting. In his address 
the Governor gave his reasons for in- 
tending to call an extra session of the 
Legislature to deal with the insurance 
law, the increased rates of which have 
caused much adverse criticism. 


(Continued from p. 261) 


Registrar Ryan gave many interest- 
ing and informative facts about the 
operation of his department, explaining 
the limitations of the criminal courts 
and the latitude of the registrar in 
dealing with motor-vehicle transgres- 
sions. Drivers discharged in court as 
not guilty because certain facts were 
not admissible under the technicalities 
of the statutes have had their licenses 
revoked on the basis of facts learned by 
inspectors of the department. The 
speaker explained various phases of 
the law relating to inspection of equip- 
ment, examinations for driving licenses, 
use of trucks for picnic parties, work- 
ing truck and bus drivers overtime, ar- 
ranging bus schedules so that drivers 
have to speed unreasonably to make up 
time, mandatory periods for revocations 
of licenses, and other such things. 

Deputy Registrar Alfred W. Devine 
next told of the campaign of vehicle- 
equipment inspection to be begun Sept. 
28 and continued for a month. 

Chairman Lybeck announced the ap- 
pointment of committee chairmen as 
follows: Speakers and Papers, Alfred 
W. Devine; Entertainment, William M. 
Clark; Membership, H. B. Hawk; Stu- 
dent Relations, Glenn S. Whitham. No 
date or speaker had been selected for 
the October meeting. 


Automobile Courses in Boston 


N COOPERATION with the New 

England Section, the University Ex- 
tension Division of the Massachusetts 
Department of Education is offering 
short evening courses in Boston on 
automobile repair-shop and service-sta- 
tion management; advanced practice in 
automotive’ electricity; theory and 
operation of the aircraft engine; and 
practical automobile mathematics. They 
will be held at the Massachusetts In- 
stitute of Technology starting early in 
November. 

The service-station and repair-shop 
course will be given by eight local ex- 
perts in various phases of administra- 
tion and operation, nearly all of whom 
are members of the Society. Knox T. 
Brown, general manager of the Pack- 
ard Motor Car Co. of Boston, will give 
the opening lecture on Wednesday 
evening, Nov. 4, on “Requirements for 
Successful - Operation.” Subsequent 
lectures will deal with financing and 
operation; personnel and employment; 
maintenance and repair work; parts 
department and purchasing; operation, 
control and layout; advertising and 
merchandising; and business policy. 


Changes in Detroit Section 
Officers 


T. KREUSSER, who was elected 

« Chairman of the Detroit Section 
last spring, recently resigned his posi- 
tion in charge of engineering tests for 
the Fisher Body Corp. to become di- 
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rector of the Julius Rosenwald Mu- 
seum of Science and Industry, in Chi- 
cago. Owing to his removal from De- 
troit, he has resigned the Chairmanship 
of the Section, and Alex Taub, who was 
elected Vice-Chairman, representing 
student activities, takes the place of 
Mr. Kreusser as Chairman, and Robert 
N. Janeway replaces Mr. Taub as Vice- 
Chairman. 

E. S. MacPherson, assistant chief en- 
gineer of the Hupp Motor Car Corp., 
who was elected Vice-Chairman repre- 
senting passenger-cars, finds it neces- 
sary to be absent from Detroit and 
asked to be relieved of Section duties. 
E. V. Rippingille, engaged in industrial 
engineering research work for the Gen- 
eral Motors Corp., has accepted the 
appointment to the office made vacant 
by the resignation of Mr. MacPherson. 


O. Thornycroft’s Connection 


FN CONNECTION with the paper on 
Knock .Rating of Motor Fuels, in 
the S.A.E. JOURNAL for June, p. 636, 
the title and connection of O. Thorny- 
croft, one of the four co-authors, ‘were 
erroneously given in a footnote as dep- 
uty director of research of the British 
Air Ministry, London. Mr. Thornycroft 
informs us that his position is that of 
chief engineer of Ricardo & Co., Ltd., 
of Bridge Works, Old Shoreham, Sus- 
sex, England, and that the position in 
the British Air Ministry is held by 
D. R. Pye. The inadvertent mistake is 
regretted. 


Oregon Section Hears Four 
Papers 


OUR PAPERS on a wide variety 

of subjects were presented at the 
Sept. 4 meeting of the Oregon Section, 
which was held at the Multnomah Hotel 
in Portland. A dinner preceding the 
technical session was attended by 36 
members and guests, and 3 more came 
later to hear the papers and discussion. 

Ignition in Modern High-Compres- 
sion Engines was the subject of a 
paper by B. M. Lisbakken, of the Sun- 
set Electric Co., of Portland, which was 
read in the absence of the author by 
Carl Zenger, of the same company. 
Most of the discussion related to this 
paper and was participated in by Fritz 
Jacobson, of the Pacific Greyhound 
Lines; Carrol C. Humber, of the Long- 
view Public Service Co.; Joe Kohler, 
of the Brittan Co.; and Harley W. 
Drake, of the Portland Gas & Coke 
Co. These men discussed the subject 
as it related to ignition in fleets of 
motoreoaches, motor-trucks and pas- 
senger-cars. 

Edward Dagner, manager of the 
Portland branch of the Fageol Motors 
Sales Co., gave an informative paper 
on The Economies of Transportation 
with Dual-Drive Trucks. J. D. Cassell, 
editor of Automotive News, of Port- 
land, presented a paper on Labor Cost, 
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raising the question whether we shall 
have a reduction in wage rates or in 
working hours per day or days per 
week. 

The fourth address was of a very 
broad and more popular nature. In it 
Prof. Robert MacGregor, good-will 
ambassador of the Remington-Rand 
Business Service, told in humorous vein 
of his impressions of the United States. 

Entertainment advertised in the Sec- 
tion bulletin as Float Rhythm with 
Free-Wheeling Steppers, was furnished 
by Fred Dundee. 


Canadians Hold Two Meetings 


INCENT BENDIX, President of the 

Society, who was the chief guest 
of honor at the Canadian Section meet- 
ing on Sept. 1. intimated that he would 
recommend that the 1932 Summer 
Meeting be held in Ontario, and vigor- 
ous applause left no doubt that the 
Canadian members would do all in their 
power to make the meeting eminently 
successful. 

The meeting was held in connection 
with the National Motor Show in Tor- 
onto, and was attended by more than 
280 members and guests. 

The chief speaker was the Hon. 
Leopold Macaulay, Minister of High- 
ways for Ontario, who made the com- 
forting prophesy that good times are 
not far distant. He based this pre- 
diction on the fact that the traffic cen- 
sus just completed in Ontario showed 
an increase in traffic of 11 per cent 
over 1930. He admonished some auto- 
mobile manufacturers on their adver- 
tising, saying that he had noticed one 
ear advertised to do “75 miles an hour 
with ease. I do not think that is good 
advertising. Anyone going 75 miles 
an hour on the roads in Ontario will 
be ‘pinched’.” 

Napier Moore, editor of Macleans’ 
Magazine of Canada; Frank Prender- 
gast, advertising manager for Imperial 
Oil, and “Buck” Weaver, chairman of 
the General Motors marketing research 
board, formed a trio of humorous 
speakers who kept the gathering in a 
continuous state of hilarity. 

Seated at the head table, in addition 
to those already mentioned were: J. A. 
C. Warner, General Manager of the 
Society; T. A. Russell, president of 
Willys-Overland. Ltd., and the Massey- 
Harris Corp.; D. R. Grossman. presi- 
dent of the Studebaker Corp. of Canada 
and president of the newly-formed Ca- 
nadian Automobile Chamber of Com- 
merce: H. A. Brown, vice-president and 
general manager of General Motors of 
Canada; R. A. Stapells. past-president 
of the Ontario Motor League; W. R. 
Campbell, president of the Ford Motor 
Co. of Canada; J. P. Bickell, registrar 
of motor-vehicles for Ontario; E. W. 
Besaw, president of the Firestone Co. 
of Canada: W. G. Robertson, general 
manager of the Ontario Motor League; 
W. G. Davis, assistant general manager 
of General Motors of Canada and 
Treasurer of the Section: R. D. Kirby, 
president of Dominion Motors, Ltd.; J. 
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D. Mansfield, president of the Chrysler 
Corp. of Canada; H. H. Hotchell, presi- 
dent of the General Motors Truck & 
Coach Co.; A. Krueger, manager of the 
Graham-Paige Co.; C. A. Jones, presi- 
dent of the Rubber Association and of 
the Sieberling Rubber Co.; and R. H. 
Combs, president of the Prest-O-Lite 
Storage Battery Co. of Canada. 


Making Driving Easier and Safer 


At the regular monthly meeting, held 
on Sept. 16, P. J. Kent, chief electrical 
engineer of the Chrysler Corp., of De- 
troit, was the only speaker. He talked 
of the past, present and future of the 
automobile-control problem, or what the 
engineer is doing to make the automo- 
bile easier and safer to drive. The 
meeting was held, as usual, at the 
Royal York Hotel in Toronto. In the 
absence of Chairman G. W. Garner, the 
meeting of 40 members and guests was 
presided over by A. S. McArthur. 

Predicting that within the next two 
or three years we shall see more inven- 
tions for controlling automobiles than 
have been brought our in the last 10 
or 15 years, Mr. Kent said that the 
present automobile is one of the most 
complicated forms of transportation 
and has more manual controls and 
“gadgets” than the usual driver knows 
what to do with. The ultimate aim 
should be a two-control system, one for 
steering and the other for speed regu- 
lation, the last to include starting and 
stopping. 

No prophecy was made that this ideal 
ever will be reached, but the speaker 
remarked that the fewer controls a car 
has, the better the public likes it. Few 
drivers know just how the choke should 
be used under varying conditions of 
weather and load, hence an automatic 
choke control is coming, the same as 
automatic spark control, by means of 
a thermostat. Power steering also will 
come, and electric button control for 
opening doors and windows. 

Automotive engineers will have to 
cooperate with legislative bodies on the 
problem of care of cars in the streets, 
asserted Mr. Kent. The fact that the 
parking brake has been termed an 
“emergency” brake is largely respon- 
sible for legislative enactments com- 
pelling its retention in this day of four- 
wheel brakes. 


Cleveland Members Play Golf 


TMHE CLEVELAND Section started 

its new season with a golf tourna- 
ment at the Big Ten Country Club on 
Sept. 10. Fifty members were present 
for the dinner following the contest. 
Most of the prizes were won by A. T. 
Colwell, chief engineer of Thompson 
Products, Inc., but he was given only 
first prize for low gross score. W. M. 
Horton took second prize for low gross. 
V. W. Monroe. national service man- 
ager for the Willard Storage Battery 
Co., was awarded first prize for blind 
par, and G. Benjamin and W. Howard 
tied for low net score. 


Traffic and Accidents Dis- 
cussed at Kansas City 


| IGHWAY traffic regulation, motor- 

vehicle driver psychology, and 
motor-truck accidents were topics on 
which addresses were made at the first 
meeting of the season held by the Kan- 
sas City Section. The meeting was held 
the evening of Sept. 11, with a dinner 
served at 6:45 p.m. A dozen members 
and an equal number of guests were 
present. Chairman James A. Edwards 
opened the program by introducing 
Hugh C. Garrett, Chairman of the Pro- 
gram Committee, who had charge of 
the program for the meeting. 

The first paper was presented by T. 
J. Seburn, traffic engineer of Kansas 
City, who gave some personal sidelights 
on the city’s traffic conditions and illus- 
trated them with lantern slides of 
graphs of the flow of vehicles and 
pedestrians. Considerable discussion 
followed the conclusion of the paper. 

Albert W. Gilbert, psychologist of the 
Kansas City Teachers College, gave an 
address dealing with the mental proc- 
esses and reactions of the automobile 
driver in normal driving, in impending 
accidents and in actual accidents. This 
subject also was discussed by the hear- 
ers at some length. 

The third speaker, Frank J. Lynch, 
of the Kansas City Safety Council, 
criticized both of the foregoing papers 
and gave one of his own on truck acci- 
dents. He showed clearly the problem 
that confronts the Safety Council in a 
big city, pointing out the major diffi- 
culty of satisfying the drivers of motor- 
vehicles and at the same time protect- 
ing human life in the streets. Some 
examples were given of extraordinary 
accidents that had happened in Kansas 
City within the last year, and Mr. 
Lynch suggested some means for avoid- 
ing similar accidents. In criticizing 
the preceding papers, he showed how 
traffic problems and driver psychology 
are related and work hand in hand. 


National Air Meet Report 
(Concluded from page 258) 
General also of Connecticut 
tae Says Senator Hiram Bingham, 
“S.A.E. bases its work on truth and 
fact, which keep the balance wheel 
from going fast enough to tear itself 
to pieces” Cautions engineers 
against going too fast for the human 
element involved in flying . . Felici- 
tates S.A.E. for its great influence in 
progress of aviation . . Keep Amer- 
ica First in the Air . Lowell 
Thomas, radio voice of The Literary 
Digest Spick and span comes 
from broadcasting his regular feature 

Pictures and thrilling talk on 


Foulois, 


Forbidden Afghanistan Vice- 
Presidents George Lewis and Arthur 
Nutt cut the 20th notch in the aero- 


nautic gun and should feel happy about 
it . . . The 20th Aeronautic Banquet 
closes in Cleveland. 
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Personal Notes of the Members 


A. J. Poole Joins Bendix Force 


Alfred J. Poole resigned on Aug. 1 the 
position of manager of the manufac- 
turers sales department of the Robert 
Bosch Magneto Co. prior to the merger 
with the United American Bosch Corp., 
which he had held since 1923, and is 
now a member of the Bendix Aviation 
Corp. organization. He is located at 
the New York City offices of the cor- 
poration. 

All of Mr. Poole’s business life has 
been devoted to the automobile ,and al- 
lied industries and his upward progress 
has been steady. He was born in Lon- 
don, England, in 1881, and, after re- 
ceiving his technical education at the 
Coventry Technical Institute, was em- 
ployed successively from 1896 to 1904 
in the works manager’s office of the 
E. J. Pennington Motor Co., the exper- 
imental shop and drafting room of the 
Humber Motor Car Co. and the testing 
room of the Daimler Motor Co., all in 
Coventry. After coming to this Coun- 
try, he was successively employed from 
1904 to 1911 in the testing and assem- 
bly shop of the Simplex Automobile 
Co., the experimental shop of the Loco- 
mobile Co. of America and as mechan- 
ical assistant to Joseph Tracy, consult- 
ing engineer. Since 1911 he has de- 
voted his efforts to the improvement 
and sales of ignition magnetos with the 
Bosch Magneto Co., the Simms Mag- 
neto Co. and the Robert Bosch Magneto 
Co., now the United American Bosch 
Corp. In the last few years he has 
given much attention to Diesel-engine 
fuel-injection equipment. 

Elected a Member of the Society in 
1910, Mr. Poole became member of 
the Metropolitan Section in 1916. 
Since the first of 1930 he has served 
as a member of the Diesel-Engine 
Committee of the Society and a mem- 
ber of the Diesel Engine Division of 
the Standards Committee, and _ this 
year was appointed a member of the 
Meetings Committee to represent the 
Diesel Engine Activity. He was nomi- 
nated at the Summer Meeting for elec- 
tion as Vice-President to represent 
Diesel-engine engineering in 1932. 
Officers of New Lubrication Corp. 

Five members of the Society were 
elected officers and directors of a new 
corporation incorporated in Delaware 
in September under the temporary 
name of the Lubrication Corp. The 
new concern was formed in association 
with the Bendix Aviation Corp. and 
the Standard Oil Co. (Indiana) and is 
owned equally by them. The object is 
to manufacture and market grease fit- 
tings for automotive and industrial ma- 
chinery, grease-dispensing equipment 
and automotive lubricants and to pro- 
vide lubrication service. 

The president of the new company 
is R. P. Lansing, vice-president and 
technical director of the Bendix Re- 
search Corp. and vice-president of the 
Eclipse Aviation Corp., of East Or- 
ange, N. J. One of the two vice-presi- 
dents is M. W. McConkey, vice-presi- 


dent of the Bendix Brake Co., of South 
Bend, Ind. The treasurer is W. J. 
Buettner, treasurer of the Bendix 
Aviation Corp. of Chicago. L. C. 
Welch, one of the four Standard Oil 
men on the directorate, is manager of 
the lubrication department of the 
Standard Oil Co. (Indiana). A. Y. 
Dodge, who is named as general man- 
ager of the Lubrication Corp., is exec- 
utive engineer in South Bend of the 
Bendix Research Corp. 


Changes in Travel Air Division 


Recent changes in personnel of the 
Travel Air Division of the Curtiss- 
Wright Airplane Co., in Wichita, Kan., 
have occurred as follows: Bruce Smith, 
formerly assistant chief draftsman, is 
now resident engineer for the company 
in Wichita; T. A. Wells, who was proj- 
ect engineer of the company, is now 
chief engineer of the Curtiss-Wright 
plant at Robertson, Mo.; Herb Raw- 
don, formerly chief engineer, and W. E. 
Burnham, assistant chief engineer, 
have resigned to devote their efforts to 
exploitation of the Mystery S, a fast 
low-wing airplane of their own design; 
H. F. Brown has resigned his position 
as chief draftsman to become chief 
draftsman for the Stearman Aircraft 
Co., also of Wichita; and Fred Land- 
graff, formerly design engineer for the 
Curtiss-Wright company, is now con- 
nected with the Production Service Co., 
a firm of consultants in Wichita. 


Lon Smith Changes to Melaum 


Following the recent reorganization 
of the Melaum Mfg. Co., of Indian- 
apolis, Lon R. Smith was elected ser- 
retary-treasurer of the company and 
resigned his previous position as assis- 
tant director of sales with the Her- 
cules Motors Corp., of Canton, Ohio, 
which he assumed in the spring of 1930. 
Mr. Smith became a Member of the So- 
ciety in 1911 and has been active in its 
affairs. He was a Councillor during 
the years 1922 and 1923, was Chairman 
of the Indiana Section in 1914, 1917 and 
1921, and was Treasurer of the Mid- 
West—now the Chicago—Section in 
1918. 


Changes in Gabriel Company 


Officers 


A group of New York City, Baltimore 
and Montreal business men has pur- 
chased the Class B holdings of Otis & 
Co., investment brokers, and others in 
the Gabriel Co., of Cleveland, and are 
taking an active part in the direction 
of the business from executive head- 
quarters in New York City. A new 
board of directors has been elected but 
the former management of the com- 
pany has been retained. George H. 
Ralls, formerly president is now vice- 
president and general manager, direct- 
ing the company plant and sales offices 
in Cleveland. J. H. Shoemaker, for- 
merly vice-president and sales man- 
ager, is also a vice-president, and David 
Benjamin, formerly secretary-treas- 
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urer, is now assistant secretary and 
assistant treasurer. 


Brooks Goes to U. of C. 


Frederick A. Brooks, who was assis- 
tant engineer with the Byron Jackson 
Co., of Berkeley, Calif., pump manufac- 
turers, has joined the staff of the Uni- 
versity of California as associate en- 
gineer in the agricultural engineering 
division at the university farm at Da- 
vis, Calif. He is filling the vacancy 
cuased by the recent death of Prof. 
A. H. Hoffman and is engaged in re- 
search work. Professor Hoffman, who 
was also a Membeer of the Society, was 
well known for his research work on 
air-cleaners and oil-filters. 

Mr. Brooks is a graduate of the Uni- 
versity of Illinois and holds the degree 
of Doctor of Science conferred by the 
Massachusetts Institute of Technology. 
In industry, he has served the Johnson 
Gear & Mfg. Co., the Hall-Scott Motor 
Car Co. and the Byron Jackson Co. 


Henry William Allingham, who was 
joint managing director of the Hoyal 
Body Corp., of Waybridge, England, is 
now engaged in independent consulting 
engineering work in London. 


Carroll M. Aument has entered the 
independent field as a consulting engi- 
neer, with offices at Teaneck, N. J. He 
was previously president and general 
manager of the Flying Dutchman Air- 
craft Corp., of New York City. 


Alexander P. Bartusch recently 
formed a connection with the Miller 
Machine & Mould Works, of Columbus, 
Ohio, as a designing mechanical engi- 
neer. Previous to accepting this posi- 
tion he was employed in a similar ca- 
pacity by the Dneprostal Metallurgical 
Works, of Pittsburgh. 


Arthur R. Blood has accepted a post 
as layout draftsman with the Lycoming 
Mfg. Co., of Williamsport, Pa. Prior 
to accepting this position he was em- 
ployed by the H. H. Franklin Mfg. Co., 
of Syracuse, on the designing and lay- 
out of chassis. 


E. J. Bourgeois has left the employ- 
ment of the Standard Oil Development 
Co., of Linden, N. J., where he served 
as a junior engineer, and is now con- 
nected with the Ethyl Gasoline Corp., 
in North Kansas City, Mo. 


After six years’ connection with the 
Kinner Airplane & Motor Co., of Glen- 
dale, Calif., in charge of sales and ser- 
vice, Leslie H. Bowman recently ac- 
cepted the position of western factory 
representative of the Waco Aircraft 
Co., with his headquarters at the 
United Airport in Burbank, Calif. 


Ray W. Brown is now engaged in his 


‘new duties as official representative and 


assistant to the president of the Air 
Line Pilots Association, with head- 
quarters in Chicago. His _ previous 
connection was as regional sales man- 
ager of the Curtiss-Wright Airplane 
Co. in Robertson, Mo. 


(Concluded on p. 38) 








Bruce Ford 


HE VICE-PRESIDENT and for- 

mer general manager of the Elec- 
tric Storage Battery Co., of Philadel- 
phia, Bruce Ford, died at his home on 
Aug. 10 after a brief illness. 

Born at Brooklyn, N. Y., on June 3, 
1873, Mr. Ford studied engineering at 
the Brooklyn Polytechnic Institute and 
at St. Paul’s School, Garden City, N. Y. 
His first position was with the Electric 
Storage Battery Co., but from 1893 to 
1898 he did drafting shop work and de- 
signing for The Johnson Co., of Johns- 
town, Pa., and the Lorain Steel Co., 
to return thereafter to the aforemen- 
tioned battery company, where he ad- 
vanced steadily. 

He made a specialty of the develop- 
ment and design of batteries for auto- 
motive propulsion and ignition, regis- 
tered more than 50 patents on related 
inventions and was credited with hav- 
ing designed many battery types, in- 
cluding those installed in submarines 
by the United States Government dur- 
ing the World War. 

Mr. Ford became a Member of the 
Society in 1907 and served in the fol- 
lowing divisions of the Society’s Stand- 
ards Committee: Electric Vehicle, 1918; 
Electric Transportation and Electrical 
Equipment, 1920; and Storage Battery, 
1921. He was also a member of the 
American Society of Mechanical Engi- 
neers, the Institute of Electrical Engi- 


neers, the Franklin Institute and the 
Engineers Clubs of New York and 
Philadelphia. 





Alfred Al. Welch 


WIDELY KNOWN and well liked 
pioneer member of the automobile 
industry—Alfred M. Welch—passed 
away in July at his Scarsdale, N. Y., 
home at the age of 64 years. 
Mr. Welch terminated 33 years of 
automotive service when he severed his 


S.A.E. JOURNAL 


connection as vice-president and gen- 
ral manager of Dodge Motors New 
York last December. He was best 
known in New York City circles as 
assistant general manager of the New 
York branch of the Reo Motor Car Co. 
for the 11 years from 1918 to 1929. 
At the age of 30 years, he found em- 
ployment with the Electric Vehicle Co., 
of Hartford, Conn., in 1897, and during 
the following five years was successive- 
ly mechanic, supervisor and instructor 
with that pioneer American motor- 
vehicle company. From 1902 until he 
formed the connection with the Reo 
company, he served in turn the Stude- 
baker Corp., F. B. Stearns & Co., H. 
H. Franklin Mfg. Co., Stevens-Duryea 
Automobile Co., and the Marmon Motor 
Car Co. in sales capacities, mostly in 
connection with sales to dealers. His 
efforts were directed almost entirely 
to the truck end of the automotive in- 
dustry. 


Robert Kenneth Milne 


JORD has been received from Mrs. 
Milne that death claimed her hus- 
band, Robert Kenneth Milne, on Sept. 6. 
Mr. Milne, who was admitted to 
Junior membership in the Society in 
April, 1930, was at the time of his 
death employed in the engineering de- 
partment of Lodge Motors, Inc., a divi- 
sion of the Dwight Lumber Co., of De- 
troit, and resided in Grand Rapids, 
Mich., where he was born in 1903. He 
received his technical education in the 
Grand Rapids Junior College and the 
California Institute of Technology. 
His service in the automobile industry 
began with the Chevrolet Motor Co., in 
July, 1929, when he entered the engi- 
neering department of the motor divi- 
sion in Flint, Mich., as a draftsman as- 
signed to detailing. In 1930 he trans- 
ferred his connection to the Lycoming 
Mfg. Co., of Williamsport, Pa., and en- 
gaged in similar duties. His next 


change was to the engineering depart- 
ment of Lodge Motors of Detroit. 


Eugene John McMullen 


A* AUTOMOBILE accident re- 
sulted in the death on Aug. 24 of 
Eugene John McMullen, sales pro- 
motion engineer of the Olds Motor 
Works, of Lansing, Mich. Interment 
was at Lansing on the following 
Friday. 

Mr. McMullen had been an Associate 
Member of the Society since May, 1919. 
He was born at Norwalk, Ohio, in 1887, 
and through all his business life had 
been connected with the automobile in- 
dustry. Throughout the year 1908 he 
had been driving instructor for the W. 
E. Metzger Co., engaged in teaching 
automobile buyers to drive. The fol- 
lowing seven years he devoted to the 
Cadillac interests, serving the Cadillac 
Motor Retail Agency in Detroit suc- 
cessively as salesman in the State ter- 
ritory, as trouble shooter and expert 
on quick adjustments and as foreman 
of the service station, and also lec- 
turing on cars for the Cadillac Motor 
Car Co. at the National Automobile 
Shows. At the beginning of 1916 he 
entered the service of the Olds Motor 
Works as manager of the technical de- 
partment, and the following year was 
made exhibition manager. 

When the United States entered the 
World War in 1918, Mr. McMullen was 
assigned to the inspection division of 
the office of the Director of Purchase 
and Storage, Quartermaster Depart- 
ment, U.S.A., in the Cleveland district, 
and had charge of inspection and ship- 
ment at the White Motor Co. After 
the Armistice he returned to the Olds 
organization. Several years ago he 
organized the National Chassis Eluci- 
dators’ Association and was elected its 
president and a member of the board 
of directors. 


Good Prospects for Transportation Meeting 


ming pool and an underground garage 
with a capacity for more than 500 cars, 
for those who may drive to the meet- 
ing. All those planning to attend 
should make their room reservations 
directly with L. Gardner Moore, man- 
ager of the hotel. Reservations for the 
Transportation Dinner, applications for 
which are enclosed with the meeting 
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bulletin mailed to the members, should 
be filled in and returned promptly 
to the Society’s office in New York 
City. 

The Washington and Baltimore Sec- 
tions have cooperated generously with 
the Activities Committees of the So- 
ciety in making arrangements for the 
meeting, particularly with respect to 


the Transportation Dinner. The per- 
sonnel of the Joint Committee on Ar- 
rangements of the two Sections is as 
follows: C. S. Bruce, Chairman; A. B. 
Boehm, C. S. Fliedner, Adrian Hughes, 
Jr., G. E. Hall, P. B. Lum, F. C. Mce- 
Calmont, W. P. MacCracken, Jr., E. S. 
Pardoe, G. O. Pooley and E. W. H. 
Williams. 
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Applicants Qualitied 


AKABANE, SEIICHI (M) 
Nakajima Aircraft Works, Yurakuk- 
wan, Tokyo, Japan; (mail) care_ of 
Mitsui & Co., 350 Fifth Avenue, New 
York City. 

ALFERT, JOHN M. (M) service representa- 
tive, Chevrolet Motor Co., Detroit; (mail) 
11 Farrand Park. 

ARTHUR, WILLIAM E. (M) president, 
National Airport Engineering Co., Ltd., 
775 East Washington Street, Los An- 
geles. 

BURCKHALTER, R. N. (M) engineer, Mi- 
chiana Products Corp., Sheet Steel 
Division, Michigan City, Ind. 

Burk, REGINALD GEDDES (M)_ western 
editor, McGraw-Hill Publishing Co., 520 
North Michigan Avenue, Chicago. 

CADWELL, SIDNEY M. (M) director, devel- 
opment division, tire department, United 
States Rubber Co., 6600 East Jefferson 
Avenue, Detroit. 

CARR, EARL M. (A) _ superintendent of 
maintenance, Consolidated Coach Corp., 
Main and Broadway, Lexington, Ky. 

CARTWRIGHT, C. M. (S M) chief mechan- 
ical superintendent, United States Bureau 
of Public Roads, Portland, Ore.; (mail) 
care of United States Road, Vancouver, 
Wash. 

CRANE, CARL J. (S M) lieutenant, United 
States Army, Air Corps, Brooks Field, 
San Antonio, Texas. 

DPAN-AVERNS, REGINALD (F M) chief en- 
gineer, Karrier Motors, Ltd., Hudders- 
field, Yorkshire, England; (mail) Field 
View, Skipton Avenue, Fartown. 

DUCKWORTH, RALPH J. (J) layout drafts- 
man, Reo Motor Car Co., Lansing, Mich.; 
(mail) 409 West Barnes Avenue. 

DUNHAM, HERBERT WARREN (A) _ service 
manager, Barzee Equipment Co., Inc., 


design engineer, 
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223 Burnet Avenue, Syracuse, N. Y. 


FuRUNO, H., Lieut-Com. (F M) Bureau of 
Aeronautics, Japanese Navy. Yokosuka 
Naval Arsenal, Tokyo, Japan; (mail) 
care of Kaigun, Li-Kuhonbu, Gijitsubu, 
Kasumigaseki. 

GREGGS, CLARENCE Roy (A) owner, Roy 
Greggs Motor Co., Vancouver, B. C., 
Canada; (mail) 1353 Seymour Street. 

HIGGINS GEORGE JUDSON (M) _ associate 
professor, aeronautical engineering, Uni- 
versity of Detroit, Detroit 





The following applicants have quali- 
ed for admission to the Society be- 
tween Aug. 10 and Sept. 10, 1931. 
The various grades of membership are 
indicated by (M) Member; (A) Asso- 
ciate Member; (J) Junior; (Aff.) Af- 
filiate; (S M) Service Member; (F M) 
Foreign Member. 








HOLLISTER, ARTHUR S. (A) _ service man- 
ager, Donner Auto Sales Co., Far Rock- 
away, L. I., N. Y.; (mail) 1350 Eggert 
Place. 

KINNER, J. G. (M) motor-truck service 
manager, International Harvester Co. 
of America, Chicago; (mail) 1010 South 
Second Avenue, Maywood, Ill. 


LAF avp, LAWRENCE V. (A) = equipment 
design, Ferro Machine & Foundry Co., 
Cleveland; (mail) 1214 North Lockwood 
Street, Hast Cleveland, Ohio. 


MARTENS, CHARLES H. (M) development 
engineer, Firestone Tire & Rubber Co., 
Akron, Ohio; (mail) Y. M. C. A., 80 
West Center Street. 

Massa, VICTOR FRANKLIN (J) research 
work, Standard Oil Development Co, 
Bayway, N. J.: (mail) 924 Kenneth 
Avenue, Elizabeth, N. Jd. 

Murpie, J. A. (A) shop superintendent, 
maintenance department, Eastern Grey- 
hound Lines, 701 Hiawatha Boulevard, 
Syracuse, N. Y. 

OpBerRG, WILLIAM C. (M) manager, roll, 
bar and hoop department, Carnegie Steel 
Co., Pittsburgh; (mail) 515 Carnegie 
Building. 

OLIVER, ALBERT VERE (F' M) chief engi- 
neer, De Lavaud Freewheel Differential, 
Ltd., London, England; (mail) Book- 
Cadillac Hotel, Detroit. 


Ort, LuTHER A. (M) head, department of 
aeronautical engineering, Tri-State Col- 
lege, Angola, Ind.; (mail) 109 West 
South Street. 

PAPWORTH, EDWIN F. (M) general man- 
ager, Brown-Lipe-Chapin Division, Gen- 
eral Motors Corp., 100 wuntario Street, 
Syracuse, N. Y. 


Prick, THOMAS LAWRENCE (A) superin- 
tendent of automotive equipment, Balti- 
more Transfer Co., Baltimore; (mail) 
Randallstown, Md. 


RuUSSELL, Davin WARREN (M) Dodge 
Brothers Corp., 7900 Jos. Campau Street, 
Detroit. 

SANBORN, ELMER EDWARD (A) fuel engi- 
neer, engineering department, Vacuum 
Oil Co., New York City; (mail) 5 West 
63rd Street. 

SAUNDERS, WILLIAM H. (A) president, 
International Lubricant Corp., New 
Orleans; (mail) P. O. Box 390. 

Scott, PauL (M) vice-president, chief en- 
gineer, Scott Welded Products Inc., 42-37 
13th Street, Long Island City, N. Y. 


SHANAHAN, LEONARD J. (A) president, 
treasurer, Standard Rim & Wheel Co., 
811 East Sixth Street, Boston. 


SPRUNG, EDWIN G. (M) chassis engineer, 
Chevrolet Motor Co., Detroit; (mail) 
11440 Wyoming Avenue. 


STEPHENS, CurTIsS G. (J) inspector, in 
charge of incoming-material inspection, 
Glenn L. Martin Co., Baltimore; (mail) 
3343 Windsor Avenue, Walbrook. 


SWAHNBERG, GUNNAR (M) chief engineer, 
Kingsbury Machine Tool Corp., Keene, 
nm. #. 

Ucer, Davip A. (M) mechanical engineer, 
chief aviation inspector, Amtorg Trad- 
ing Corp., 261 Fifth Avenue, New York 
City. 

ULFELDT, JOHN CHR. (A) shop superinten- 
dent, Stoody Co., Whittier, Calif.; (mail) 
1234 East 88th Street, Los Angeles. 


UNDERWOOD, RICHARD L. (A) patent law- 
yer, Parker & Burton, 2017 Dime Bank 
Building, Detroit. 


VIVIAN, WILL (M) proprietor, Vivian Gas 


Engine Works, Vancouver, B. Rtas 
Canada; (mail) 1096 Sixth Avenue, 
West. 

WASHBURN, CLARENCE  L. (J) junior 


mechanical engineer and tool designer, 
Westinghouse Electric & Mfg. Co., 
Chicopee Falls, Mass. ; i 
Grove Avenue, Springfield Mass. 
WuwnscH, Harry (J) mechanical engineer, 


Silent Hoist Winch & Crane Co., Brook- 
lyn, N. Y.; (mail) 909 52nd Street. 


Applicants tor Membership 


BAUER, EDWARD LOUIS, assistant  superin- 
tendent, Municipal Garage, St. Louis. 
Bock, GEORGE E., 304 West 107th Street, 

New York City. 

BOESSENKOOL, JOHAN, automotive fleet- 
maintenance manager, Curacaosche Pe- 
troleum Industrie My., Curacao, Dutch 
West Indies. 

EDWARDS, JULIAN BURRISS, sales super- 
visor, Valvoline Oil Co., Chrysler Bldg., 
New York City. 

FREEMAN. ROBERT G., instructor of en- 
gineering, General Motors Institute of 
Technology, Flint, Mich. 

GEARHART, ELDON D., engineer, manufac- 
turers service division, automotive de- 
partment, Vacuum Oil Co., New York 
City. 

GOTTLIEBER, HAROLD AMBROSE, sales, auto- 
motive department, Vacuum Oil Co., 
Cleveland. 

GUILBAUD, 
Anonima 
Italy. 


GUIMOND, GEORGE L., Canadian sales agent, 


Bridgeport Fabrics of Canada, Ltd., De- 
troit. 


THEODULE, 
Carburatore 


S wcieta 
Torino, 


manager, 
Zenith, 


HAFERL, ROLF C., body designer and layout 
man, Mack International Motor Corp., 
Allentown, Pa. 

HITe, WALTER A., layout draftsman, Key- 
stone Aircraft Corp., Bristol, Pa. 

KNOWLES, RICHARD C., aeronautic engineer, 
345 East 209th Street, New York City. 








The applications for membership re- 
ceived between Aug. 16 and Sept. 15, 
1931, are listed below. The members 
of the Society are urged to send any 
pertinent information with regard to 
those listed which the Council should 
have for consideration prior to their 
election. It is requested that such 
communications from members be sent 
promptly. 





KNUDSON, JOHN PATRICK, service field rep- 
resentative, General Motors South Afri- 
ean, Ltd., Port Elizabeth, South Africa, 


KUTTNER. JuLIus, editor, Diesel Power, 
New York City. 

MANN, ROBERT WARD, manager, Isaacson 
Iron Works, Portland, Ore. 


McCoy, RALPH E., assistant works engi- 
neer, Westinghouse Electric & Mfg. Co., 
Mansfield, Ohio. 

MONSELL, JOHN R., junior mechanical en- 
gineer, United States Navy, aeronautic 
engineering laboratory, Naval Aircraft 
Factory, Philadelphia. 

MorToN, JAMES, foreign representative, 
Willard Storage Battery Co., Cleveland. 
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MURDEN, WILLIAM T., research engineer, 
New Departure Mfg. Co., Bristol, Conn. 
NASH, WILLIAM C., tool investigator, 
Westinghouse Electric & Mfg. Co., 
Mansfield, Ohio. 


NEWSOME, CHARLES Topp, chief engineer, 
The Rover Co., Ltd., Meteor Works, 
Coventry, England. 


OuLEs, JOHN STANLEY, experimental and de- 
velopment engineer, Westinghouse Elec- 
tric & Mfg. Co., East Pittsburgh, Pa. 

OSSMANN, CHARLEs C., president, Yellow 
Truck Lines, Inc., Madison, Wis. 

PAIGE, EDWIN C., sales engineer, Ethyl 
Gasoline Corp., Baltimore. 


PLATNER, JOHN B., engineer, Chrysler Corp., 
Detroit. 


SANWALD, G. LEONARD, engineer, junior, 
aeronautic engine laboratory, Naval 
Aircraft Factory. Philadelphia Navy 
Yard, Philadelphia. 

SHANK, LOUIS WARREN, sales engineer, 
Ethyl Gasoline Corp., Baltimore. 


STROMQVIST, VIDMAR’_ BIRGER, 
Chrysler Corp., Detroit. 


SYMON, BENJAMIN G., chief lubrication en- 
gineer, Shell Petroleum Corp., St. Lowis. 


WHEELER, GEFFREY ERN®EST, superintendent 
ot mechanical maintenance, W. J. Wheeler 
& Sons, Auckland, New Zealand. 


ZEDER, JAMES CHURCHILL, assistant chief 
engineer, Chrysler Corp., Detroit. 


engineer, 































AIRCRAFT 


Dynamics of Airplanes and Airplane 
Structures. By John E. Younger and 
Baldwin M. Woods. Published by 
John Wiley & Sons, Inc., New York 
City, 1931; 263 pp. Price, $3.50. 

[A-1] 

The text is written primarily for 
senior or graduate students in engi- 
neering and for practicing engineers 
and is composed of three parts. 

Part I is devoted largely to study of 
the methods of solving problems of me- 
chanics. In Part II the dynamics of 
airplanes is treated. In addition to the 
general development of the subject, ap- 
plications to the problems of gyroscopic 
action of the propeller and stability of 
the airplane to vibrations, stable and 
unstable, are presented, and additional 
problems are suggested. In Part III 
the airplane structure is treated as an 
elastic instead of a rigid body, and the 
equations of equilibrium are applied to 
problems of vibration of propellers and 
engines and to those special vibrations 
known as flutter. 
Elastic Instability of Members Hav- 

ing Sections Common in Aircraft 

Construction. By George W. Trayer 

and H. W. March. Report No. 382. 

Published by the National Advisory 

Committee for Aeronautics, City of 

Washington, 1931; 42 pp.,_ illus- 

trated. Price, 25 cents. [A-1] 

Two fundamental problems of elastic 
stability are discussed in this report 
prepared by the Forest Products Labo- 
ratory. In Part I formulas are given 
for calculating the critical stress at 
which a thin, outstanding flange of a 
compression member will either wrinkle 
into several waves or form into a single 
half-wave and twist the member about 
its longitudinal axis. A mathematical 
study of the problem, which together 
with experimental work has led to 
these formulas, is given in an appendix. 
Results of tests substantiating the 
recommended formulas are also pre- 
sented. In Part II the lateral buckling 
of beams is discussed. The results of 
a number of mathematical studies of 
this phenomenon kave been published 
prior to this writing, but very little ex- 
perimentally determined information 
relating to the problem has been avail- 
able heretofore. Experimental verifica- 
tion of the mathematical deductions is 
supplied in this report. 


On the Theory of Wing Sections with 
Particular Reference to the Lift Dis- 
tribution. By Theodore Theodorsen. 
Report No. 383. Published by the Na- 
tional Advisory Committee for Aero- 


nautics, City of Washington, 1931; 
16 pp., with tables and charts. Price, 


10 cents. [A-1] 

This paper gives a simple and exact 
method of calculating the lift distribu- 
tion on thin wing sections. The most 
essential feature of the new theory is 
the introduction of an “ideal angle of 
attack,” this angle being defined as 


Notes and Reviews 





These items, which are prepared by the 
Research Department, give brief descrip- 
tions of technical books and articles on 
automotive subjects. As a rule, no at- 
tempt is made to give an exhaustive 
review, the purpose being to indicate what 
of special interest to the automotive in- 
dustry has been published. 

The letters and numbers in brackets 
following the titles classify the articles 
into the following divisions and subdivi- 
sions: Divisions—A, Aircraft; B, Body; 
C, Chassis Parts; D, Education; E, En- 
gines; F, Highways; G, Material; H. 
Miscellaneous; I, Motorboat; J, Motor- 
coach; K, Motor-Truck; L, Passenger 
Car; M, Tractor. Subdivisions—l1, De- 
sign and Research; 2, Maintenance and 
Service; 3. Miscellaneous; 
6, Sales. 


4, Operation; 
5, Production; 





that at which the flow enters the lead- 
ing edge smoothly or, more precisely, 
as the angle of attack at which the 
lift at the leading edge equals zero. 
The lift distribution at this particular 
angle is shown to be a characteristic 
property of the section and has been 
termed the “basic distribution.” The 
author shows that the lift of a wing 
section may always be considered to 
consist of (a) the basic distribution 
and (0b) the additional distribution 
where the latter is independent of the 
main camber line and thus _ identical 
for all thin sections. The _ specific 
reason for the poor aerodynamic quali- 
ties of thin wing sections is pointed 
out as the fact that the additional lift 
in potential flow becomes infinite at the 
leading edge. 


Wind-Tunnel Tests on Airfoil Bound- 
ary-Layer Control Using a _ Back- 
ward-Opening Slot. By Millard J. 
Bamber. Report No. 385. Published 
by the National Advisory Committee 
for Aeronautics, City of Washington, 
1931; 38 pp., illustrated. Price, 20 
cents. [A-1] 
This report presents the results of 

an investigation to determine the effect 

of boundary-layer control on the lift 
and drag of an airfoil. Boundary- 
layer control was accomplished by 
means of a backward-opening slot in 
the upper surface of the hollow airfoil. 
Air was caused to flow through this 
slot by pressure maintained inside the 
airfoil by a blower. Various slot loca- 
tions, slot openings and wing pressures 
were used. The tests were conducted 
in the 5-ft. atmospheric wind-tunnel of 


the Langley Memorial Aeronautical 
Laboratory. 
Maneuverability Investigation of an 


F6C-4 Fighting Airplane. 
344 


By C. H. 


W. Kirschbaum. 
Published by the 


Dearborn and H. 
Report No. 386. 


National Advisory Committee for 
Aeronautics, City of Washington, 
1931; 25 pp., illustrated. Price, 20 
cents. [A-1] 


With the objects of comparing the 
relative maneuverability of two fight- 
ing airplanes and accumulating addi- 
tional data to assist in establishing a 
satisfactory criterion for the maneuver- 
ability of any airplane, the National 
Advisory Committee for Aeronautics, 
at the request of the Bureau of Aero- 
nautics of the Navy Department, has 
conducted maneuverability investiga- 


tions on the F6C-3 (water-cooled en- 
gine) and the F6C-4 (air-cooled en- 
gine) airplanes. The investigation 


herein reported was made on the F6C-4 
airplane. 


Reduction of Turbulence in Wind-Tun- 
nels. By Hugh L. Dryden. Report 
No. 392. Published by the National 
Advisory Committee for Aeronautics, 


Ctiy of Washington, 1931; 11 pp., 
with tables and charts. Price, 10 
cents. [A-1] 


A brief nonmatkematical outline is 
given of modern views as to the nature 
of the effects of turbulence and their 
bearing on the desirability of designing 
wind-tunnels for small or large tur- 
bulence. Experiments made on a par- 
ticular wind-tunnel for the purpose of 
reducing the turbulence are described 
to illustrate the influence of certain 
factors on the magnitude of the tur- 
bulence. Moderate changes in the size, 
shape and wall thickness of cells of the 
honeycomb were found to have little 
effect. The addition of a room honey- 
comb at the entrance was also of little 
value in reducing the turbulence. The 
turbulence decreased with increasing 
distance between the honeycomb and 
the measuring station. A further de- 
crease was obtained by using a large 
area-reduction in the entrance cone, 
with the honeycomb at the extreme en- 
trance end. 


Effect of Nose Shape on the Charac- 
teristics of Symmetrical Airfoils. By 
Robert M. Pinkerton. Technical Note 
No. 386; 16 pp., 9 figs. [A-1] 


The Pressure Distribution Over a 
Modified Elliptical Wing-Tip on a 
Biplane in Flight. By Richard V. 


Rhode and Eugene E. Lundquist. 
Technical Note No. 387; 14 pp., 4 
figs. [A-1] 


A Comparison of the Aerodynamic 
Characteristics of Three Normal and 
Three Reflexed Airfoils in the Va- 
riable-Density Wind-Tunnel. By 
George L. Defoe. Technical Note No. 
388; 12 pp., 7 figs. [A-1] 
The foregoing three Technical Notes 

were issued during August, 1931, by 

the National Advisory Committee for 

Aeronautics, City of Washington. 
(Continued on next left-hand page) 
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Downwash Measurements Behind Wings with Detached Flow. 
Petersohn. Translated from Zeitschrift fiir 
Motorluftschiffahrt, Vol. 10, No. 22, May 28, 
R. Oldenbourg, Miinchen and Berlin. 
No. 632; 6 pp., 32 figs. 


By E. 
Flugtechnik und 
1931; Verlag von 
Technical Memorandum 
[A-1] 


Experiments with a Wing from Which the Boundary Layer Is Removed 


by Suction. By Oskar Schrenk. Translated from Zeitschrift 


fiir Flugtechnik und Motorluftschiffahrt, Vol. 22, No. 9, May 15, 
1931; Verlag von R. Oldenbourg, Miinchen and Berlin. Tech- 
nical Memorandum No. 634; 12 pp., 10 figs. [A-1] 
The Use of Slots for Increasing the Lift of Airplane Wings. By Fr. 
Haus. Translated from L’Aéronautique, June, 1931. Technical 
Memorandum No. 635; 15 pp., 17 figs. [A-1] 


Experiments with Airplane Brakes. By 
from Zeitschrift fiir Flugtechnik und Motorluftschiffahrt, Vol. 
22, Nos. 10 and 11, May 28 and June 15, 1931; Verlag von R. 
Oldenbourg, Miinchen and Berlin. Technical Memorandum No. 
636; 28 pp., 40 figs. [A-1] 
The foregoing four Technical Memoranda were published during 

August and September, 1931, by the National Advisory Committee 

for Aeronautics, City of Washington. 


Franz Michael. Translated 


The Spinning of Aeroplanes. By S. Scott-Hall. Published in The 
Journal of the Royal Aeronautical Society, July, 1931, p. 609. 
[A-1] 


The status of work on the prolonged spin is discussed and an 
attempt made to indicate the lines along which design should pro- 
ceed to assure safe recovery from this maneuver. A number of 
factors bearing on the characteristics of the spin are considered 
and the author points out that there are many more which future 
research may show to be of even greater importance. At any 
rate much is to be done before the prolonged spin is completely 
understood before it will be possible to predict accurately 
from the design of a given aircraft whether its spinning char- 
acteristics will be satisfactory. On the other hand, certain fea- 
tures have been proved definitely harmful, and the designer will 
do well to avoid all of these. The author points out particularly 
the interaction of one factor on another in producing spin. 


and 


Aeroplane Braking Systems. By R. Waring-Brown. 
Aircraft Engineering, June, 1931, p. 139, and July, 


Published in 
1931, p. 157. 
[A-1] 

The author gives a comprehensive survey of the problem of 
fitting wheel brakes and of brake types at present in use. Brake- 
lining, brake-shoe design, the load on the lining, servo operation, 
tires and wheels, internal-friction reduction, independent wheel 
operation and pneumatic brake operation are among the topics 
discussed. 








Taschenbuch der Luftflotten; Militarluftfahrt, Handels und Verkehrs- 
luftfahrt, Sportluftfahrt. By Dr. Werner von Langsdorff. Pub- 
lished by J. F. Lehmanns, Miinich, Germany; 638 pp., 986 figs. 

[A-1] 

Owing to the increasing production and number of aircraft 
types, the Pocket Almanac of Aeronautics, which has appeared 
since 1914 in one volume, is this year issued in three separate 
volumes—nmnilitary, commercial and transport, and sport aircraft. 
The handbook is international in scope, since the products of 
all countries are included, and the material is published in three 
languages: German, French and English. Representatives of other 
countries have worked in collaboration with the author. All types 
of aircraft are included, and, in addition, engines and parachutes. 


About 3000 separate items are covered, with illustrations, main 
dimensional specifications and performance figures. 
Lists of manufacturers and of national emblems for military 
aircraft and various conversion tables are also included. 
Le Dernier Dirigeable Francais, la Vedette Zodiac VZ-27. By Max 
Verneuil. Published in Le Génie Civil, Aug. 1, 1931, p. 105. 
[A-1] 


A unique balloon construction is the outstanding characteristic of 
the latest French dirigible, a semi-rigid, built by the Zodiac com- 
pany and designed for sentinel service in the French navy. The bal- 
loon consists of three lobes, so that its cross-section resembles a 
three-leaf clover. It is symmetrical vertically along the longi- 
tudinal axis, but not in the horizontal plane, because of the pres- 


(Continued on next left-hand page) 
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sure variations due to altitude. The chief advantage of the un- 
usual shape is said to be that it does not require as strong and 
hence as heavy a covering as a cylindrical hull of the same ¢ca- 
pacity. 

The author discusses the factors influencing the resistance 
offered by an airship to forward movement, including that due 
to the form and that due to surface friction. Tables giving these 
coefficients for various types of dirigible are presented, and the 
construction of the Zodiac VZ-27 is described, emphasis being 
laid on its adherence to the principles of efficient design. 

The dirigible is powered by two Salmson 9-AC engines, driving 
without reduction gearing two Ratier variable-pitch metal pro- 
pellers. The speed obtained in recent tests is said to be 100 
km.p.h. (62.14 m.p.h.). A formula for determining a perform- 
ance-merit factor for airships is given, and the results obtained 
by applying this formula to various types of dirigible are set 
forth. 

As an introduction to his description of the new airship, the 
author traces the development of the army and navy use of 
dirigibles. He draws the conclusions that the dirigible is pe- 
culiarly suited to marine warfare and that for this purpose, not 
great size, but unusual maneuverability, is requisite. 


Beitrag zur Frage der Belastungsannahmen fiir den Landungsstoss von 
Seeflugzeugen. By Joseph Taub. Published in Zeitschrift fiir 
Flugtechnik und Motorluftschiffahrt, July 28, 1931, p. 433. 

[A-1] 

This report of the German Institute for Aeronautical Research 
deals with the landing impacts of seaplanes. It amplifies the 
formulas of W. Pabst and H. Wagner, previously published, and 
cites some precautions that must be taken in their general appli- 
cation. 

The topics dealt with by mathematical analysis are the influ- 
ence of size on impact force, relation between landing impacts 
of flying-boats and twin-pontoon seaplanes, and relation between 
landing impacts on the latter in central landings on both pon- 
toons and side landings on one pontoon. The formulas developed 
are compared with those of Pabst and Wagner. 


Gliding and Soaring. An Introduction to Motorless Flight. By Perci- 
val White and Mat White. Published by the McGraw-Hill 
Book Co., Ine., New York City, 1931; 234 pp., illustrated 
Price, $2.50. [A-3 ] 
The authors present the salient facts about gliding as we 

know them today, telling briefly the history of motorless flight, 
discussing ground instruction, actual gliding, soaring and the 
construction of the different types of gliders, and giving detailed 
directions for building model gliders. They discuss wind cur- 
rents and their behavior, gliding over water, duration flights 
over fixed points, and long-distance flights in gliders. A final 
section is devoted to discussion of the future of gliding and 
treats of present-day experiments. The book is profusely illus- 
trated with diagrams and photographs. 


The Air Annual of the British Empire, 1931-1932. Founded and 
edited by Squadron-Leader C. G. Burge. Published by Gale & 
Polden, Ltd., London; agents for American continent: William 
Dawson Subscription Service, Ltd., 70, King Street East, 
Toronto 2, Canada; Vol. III, 1931. Price, 21 shillings. [A-3] 
The British Air Annual is now fairly well known and estab- 

lished. The third volume, while following the same general form 
and covering the same general scope as its predecessors, has had 
several important alterations and additions. French and Spanish 
sections have been added and the arrangement of the various 
sections has been changed. Grouping of the articles by subjects 
and, in the section devoted to the industry, grouping of aircraft 
by types, is an effort to achieve greater simplicity and to facili- 
tate use of the book for reference. 

The compilation of statistical data indicates that, in the realms 
of design, construction and operation, the year 1931 has been 
productive of many notable achievements, although it cannot 
be denied that aviation throughout the world has suffered serious 
reverses in commercial undertakings. 


Air Transport Operation. By Wesley L. Smith. Published by the 
McGraw-Hill Book Co., Inc., New York City and London, 1931; 
316 pp., illustrated. Price, $4. [A-4] 
This book presents a detailed picture of conditions in the regu- 

lar operation of airplanes on scheduled flights and indicates the 


(Continued on next left-hand page) 
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Noise in an automobile body is caused either by friction or by loose parts. To be 


silent, and to stay silent, therefore, a body should have no joints—no parts to rub to- 
gether or work loose. In the one-piece body, Budd eliminates joints by the extensive 
use of flash welding—makes this body of but eight major parts, flash-welded into a 
single joiniless unit. Result: a degree of silence unequalled in any other type of body. 
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Originators of the All-Steel Body. Supplied to Manufacturers in the United States, Great Britain, France, Germany. 
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WITHOUT TUBING —- BEFORE COMPRESSION 


(1) First Compression 
(2) Second Compression 
(3) Third Compression 
Patented February 3, 1931 (D) Nut 
No. 1,791,121 (E) Seamed Tubing 
Approved by the Underwriters Laboratories 


(A) Body 
(B) Sleeve 
(C) Solder Bearing 


ERE is the result of supreme engineering effort 

and experience to provide a single type of com- 
pression coupling to fit universally all seamed or 
seamless tubing of steel, aluminum, brass or copper. 
It is no longer necessary to depend upon couplings 
of various designs and construction for joining differ- 
ently constructed kinds of tubing. 


This Dole Universal All-Tube Coupling of two piece 
design surpasses all for joining to seamed or seamless 
tubing—for safety against leakage—for holding under 
all strain and vibration —for simplicity of connection 
—no separate sleeves—no flaring —no soldering —for 
reconnecting speedily and without limit—/for ultimate 
satisfaction and economy. 

The coupling consists of only the body and the threaded 
sleeve screw. Repeated connecting will not reduce the effi- 
ciency. Finger turned except for the compression turn. The 
solder which holds the sleeve on to the nut is sheared off 


during compression, thus giving a lead lubricated bearing—an 
exclusive Dole feature. 


Our engineering department will be pleased to work with 
you in the application of Dole Universal All-Tube Couplings. 
Cut open samples will be sent free upon request. 


THE DOLE VALVE COMPANY 


1713-33 Carroll Avenue Chicago, Illinois, U. S. A. 
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probable line of development as the industry progresses toward 
its goal of 100-per cent safety and reliability. 

Various chapters cover airways, meteorology, radio, airports, 
hangars and hangar equipment, airplanes, powerplants, instru- 
ments, organization, ground procedure, flight procedure and a 
short index. 

The author is an active member of the Society, serving at 
present on the Aircraft Activity Committee, the Aircraft Division 
of the Standards Committee and the Fuels Research Subcom- 
mittee. 


Automatic Volume Control for Aircraft Radio Receivers. W. S. Hin- 
man, Jr. Published in the Bureau of Standards Journal of 
Research, July, 1931, p. 37. [A-4] 


An automatic volume-control device for use primarily in the 
reception of visual radio range-beacon signals is described, the 
device being easily applied to existing aircraft radio receiving 
sets. This control operates on the output voltage of the radio 
receiver and is provided with a filter unit to prevent operation 
of the automatic volume control by signals other than those from 
the range beacon. The controlling voltage is derived from the 
output of the radio receiver, part of which is rectified and then 
applied as negative bias to the radio-frequency amplifier. The 
automatic volume control maintains a substantially constant out- 
put. An indicator, operating in conjunction with the automatic 
volume-control device, is provided to serve as a gage of dis- 
tance from the transmitting station. 


A Course Indicator of Pointer Type for the Visual Radio Range-Beacon 
System. By F. W. Dunmore. Published in the Bureau of 
Standards Journal of Research, July, 1931, p. 147. [A-4] 
The author describes a form of tuned-reed radio range-beacon 

course indicator, called a reed converter, in which the course 
indications are given by means of a zero-center pointer-type 
indicating instrument instead of by observing the two reed 
motions as heretofore. The motion of the two reeds generates 
small alternating voltages which, when rectified by oxide recti- 
fiers and passed in opposing polarities through a zero-center indi- 
cating instrument, give course indications by the deflection of 
the indicating-instrument needle in the direction of deviation 
of the airplane from the course. 

The combination of this course indicator and the high-frequency 
fog-landing-beam course indicator into one indicating instrument 
is described. This instrument, when provided with a _ suitable 
switch, can be made to give two more indications; main radio 
range-beacon course and signal volume. 

The advantages and disadvantages of the reed converter as 
compared with the tuned-reed indicator are discussed. 


Theory of Design and Calibration of Vibrating-Reed Indicators for 
Range-Beacons. By G. L. Davies. Published in the Bureau of 
Standards Journal of Research, July, 1931, p. 195. [A-4] 
This paper gives a general treatment of the theory of design 

of vibrating-reed indicators, which was developed in connection 

with measurements and design work on the tuned-reed course 
indicator for the aircraft radio range-beacon. The equations 
and conclusions can readily be adapted to apply to any similar 
vibrating system 

Design equations are given for uniform reeds and for the 
type used in the reed indicator. From the results of both theory 
and experiment, the effect of the various factors of design and 
operation upon the reed frequency is discussed, and the calibra- 
tion procedure necessary to take account of these factors is 
outlined. 


A Submarine Aircraft Carrier. Published in Flight, July 31, 1931, 
p. 759. [A-4] 
Very few persons know that one of England's aircraft carriers 

is a submarine. This is the M.2, first commissioned in 1919 and 

since remodelled for the purpose of carrying and catapulting air- 
craft. 


CHASSIS PARTS 


Dynamic Loads Used as Basis for Calculating Strength and Durability of 
Spur-Gear Teeth. By Earle Buckingham. Published in Auto- 
motive Industries, July 25, 1931, p. 122. [C-1] 


In this paper, presented before the American Gear Manufac- 


turers Association, Mr. Buckingham discusses at length some of 


the newer formulas for determining the strength and durability 


(Continued on next left-hand page) 
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* “Disc wheels for me” “I want wire 





wheels onmy car” 





“Tllstick to the artillery” 
Yet all can have wheels of steel 


Steel is the universal material for wheels to-day. But all motorists do not agree on the type 
of steel wheel to use. Budd, by recently perfecting the steel artillery wheel, is now able to 


meet this difference of opinion with a steel wheel to satisfy every preference. And each 











type is interchangeable on the same hub. Budd Wheel Company, Detroit, Philadelphia. 
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of spur-gear teeth. He contends that these new formulas are 
more in accord with actual conditions than are the ones formerly 
used and allow for manufacturing variations. 


ENGINES 
The Effect of Valve Timing upon the Performance of a Supercharged 
Engine at Altitude and an Unsupercharged Engine at Sea Level. By 
Oscar W. Schey and Arnold E. Biermann. Report No. 390. 
Published by the National Advisory Committee for Aeronautics, 
City of Washington, 1931; 13 pp., illustrated. Price, 10 cents. 
[E-1] 
The investigation herein reported was conducted on the N.A.C.A. 
Universal test engine. Timing of the four valve events was 
varied over a wide range, engine speed was varied between 1050 
and 1500 r.p.m., and compression ratios were varied between 
4.35:1 and 7.35:1. Conditions of exhaust pressure and car- 
bureter pressure of a supercharged engine were simulated for 
altitudes between 0 and 18,000 ft. The results show that 
optimum valve timing for a supercharged engine at an altitude 
of 18,000 ft. differs slightly from that for an unsupercharged 
engine at sea level. A small increase in power is obtained by 
using the optimum timing for 18,000 ft. for altitude above 5000 
ft. Timing of the intake opening and exhaust closing becomes 
more critical as the compression ratio is increased. 


The N.A.C.A. Apparatus for Studying the Formation and Combustion 
of Fuel Sprays and the Results from Preliminary Tests. By A. M. 
Rothrock. Technical Note No. 389; 22 pp., 16 figs. [E-1] 


A Method for Reducing the Temperature of Exhaust Manifolds. By 
Oscar W. Schey and Alfred W. Young. Technical Note. No. 
390; 9 pp., 4 figs. [E-1] 
The foregoing two Technical Notes were issued during Sep- 

tember, 1931, by the National 

nautics, City of Washington. 


Advisory Committee for Aero- 


Superchargers. By Pierre Léglise. 
nautique, March and April, 1931. 
631; 26 pp., 31 figs. 


Translated from L’Aéro- 
Technical Memorandum No. 
[E-1] 


Effect of Viscosity in Speed Measurements with Double-Throat Venturi 
Tubes. By H. Peters. Translated from Zeitschrift fiir Flug- 
technik und Motorluftschiffahrt, Vol. 22, No. 11, June 15, 1931: 
Verlag von R. Oldenbourg, Miinchen and Berlin. 
Memorandum No. 633; 5 pp., 7 figs. 


Technical 
[E-1] 
The foregoing two Technical Memoranda were issued during 
July and August, 1931, by the National Advisory Committee for 
Aeronautics, City of Washington. 


Corrosion Plays a Minor Part in Radiator Solder-Seam Failure. By 
William H. Wilson. Published in Automotive Industries, July 
18, 1931, p. 84. [E-1] 
Some years ago there was much discussion of the corrosive 

effects of anti-freezes in general on the metals of the cooling 
system. Little definite knowledge was at hand concerning the 
action of water, heat, aeration, and anti-freeze on solder, copper, 
iron, brass, aluminum and rubber, which are the materials most 
commonly used in cooling systems. The processes of radiator 
clogging and radiator disintegration had not been intensively 
studied. All these subjects have been under investigation re- 
cently in the laboratory of the Linde Air Products Co. 

The tests were conducted under controlled conditions in the 
laboratory which would accurately simulate normal operating 
conditions. The special apparatus developed for this work is 
described. In addition, actual field tests were conducted with 
990 automobiles which were driven more than 5,000,000 miles 
while under observation. 

On the basis of the results of this research, the author con- 
cludes that road shock and vibration must play a very important 
part in solder failure. 


Spectroscopic Studies of Engine Combustion. By Lloyd Withrow and 
Gerald M. Rassweiler. Published in Industrial and Engineer- 
ing Chemistry, July, 1931, p. 769. [E-1] 
A preliminary spectrographic study of the physical and chem- 

ical processes which occur in the gasoline engine is described. 

Separate spectrographic studies made of the flame fronts and 

afterglows of explosions produced with several fuels in a gaso- 
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WHAT IS THE VALUE OF 


HUMAN CONTACT? 











THE cost of telephoning is as little as it can be 
made. Its value can be infinite. 

If it is worth your while to save time, to be 
in touch with people at a distance, to do busi- 
ness quickly, to keep in touch with friends and 
family —if such things have a value, the tele- 
phone holds limitless possibilities for you. 

It is the means of extending your person- 
ality. Unlike commodities, telephone calls 
cannot be made wholesale. Each one is a per- 
sonal service. Each goes when and where you 
wish. At your request you have five thousand 
or five million dollars’ worth of property at 
your command, two or three people or perhaps 
a hundred attending the wires along which 
your voice travels. It is the work of the Bell 
System to do this well and cheaply. Its 








hundreds of thousands of trained workers 
must keep every part of its 4000 million dol- 
lars’ worth of equipment ready for instant use. 

Here is a business run on the smallest mar- 
gin of profit consistent with service, security 
and expansion. Its operation and maintenance 
have the benefit of the continual research of 
the 5000 members of Bell Laboratories, the 
general and technical staff work of the 
American Telephone and Telegraph Com- 
pany, and the production economies effected 
by Western Electric. 

Every resource of the Bell System is devoted 
to making your service clear, quick and 
inexpensive. As new telephones are added, as 
improvements are made, you get constantly 
greater satisfaction and value. 


* AMERICAN TELEPHONE AND TELEGRAPH COMPANY xk 
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REPUBLICS PERFECTED 
STAINLESS STEEL 


Successfully meeting the require- 
ments of more than a dozen motor 
car manufacturers whose experi- 
ence has proved the wisdom of 
specifying Republic’s Perfected 
Stainless Steel. 
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line engine, and covering the spectral range 3500 to 6500 A, 
indicate that the reactions accompanying the afterglows are 


different from those taking place in the flame fronts. 


Versuch der Vorausberechnung der Grenzleistung einer Kompressorver- 
brennungskraftmaschine. By FE. Schida. Published in 
biltechnische Zeitschrift, Aug. 10, 1931, p. 405. 


Automo- 

[E-1] 

Increase in the power production per piston displacement of 
an internal-combustion engine calls for an increase in any or 
all of five engine factors, the practicable outside limits on which 
are set by the author as follows: speed, 7000 r.p.m.; compression 
ratio, 10:1; combustion-chamber efficiency, 80 per cent; mechan- 
ical efficiency, 90 per cent; and 
cent. 


volumetric efficiency, 80 per 


Forced induction also offers a means for increasing the output 
per cubic inch of cylinder capacity. However, this expedient also 
has its limitations, the author states, since, with increasing pre- 
compression due to the supercharger, the compression ratio must 
be decreased so that the end compression pressure shall not 
exceed practicable working values. In this article a mathematical 
analysis is made to determine the most favorable precompression 
pressure. 

The conclusions reached are that (a) for a given engine-speed, 
output can be doubled by a correct amount of precompression; (b) 
fuel consumption will thereby be increased four or five fold; (c) 
the compressor should be well cooled; and (d) the most favor- 
able precompression pressure is about 3.5 atmospheres. 

Anomalies de Fonctionnement des Pistons et Segments. By Elie Seguy. 
Published in Journal de la Société des Ingénieurs de Vl Automo- 
bile, June, 1931, p. 1418; d. 1430. [E-1] 
The author, who is consulting engineer for the Amédée Bollée 

company, sets forth opinions based on researches of the com- 
pany and his observations of piston-rings in the hands of engine 
manufacturers and users. He 
operation attributed to 
original source. 

The most 


some of the 
piston-rings and 


lists defects in 


traces them to their 
serious defect in a piston-ring itself, he states, is 
lack of parallelism between the plane surfaces; the differences 
in height between measurements made at different places on the 
same ring should not be more than 0.02 mm, (0.0007874 in.). 

In mounting rings on pistons, care should be taken that they 
are so placed as never to bear against the cylinder with a 
greater unit pressure than that for which they were designed. 
The author cites complaints of undue piston-ring wear and de- 
scribes tests that showed that, to obtain the 
many times that 
required. 
factors of piston 
are pointed out, and 


wear complained 


of, side pressures specified for the 
question would be 


Some 


ring in 


design bearing on 


criticisms are 


ring performance 
made of certain 
which sacrifice conditions of good ring mounting to obtain light- 
ness. Ways in which the ring may be damaged in assembling 
on the piston are cited, the author stating among other things 
that he does not believe it necessary to grind good piston-rings 
Oil-pumping and the correct proportioning of piston-ring dimen- 
sions are other topics discussed. 


designs 


MATERIAL 


Fuel Testing in Slow and High-Speed Diesel Engines. By L. J. Le 
Mesurier and R. Stansfield. Published in the Journal of the 
Institution of Petroleum Technologists, July, 1931, p. 387. [G-1] 
The research reported in this paper was directed as far as 

possible toward problems presented directly by Diesel-engine users 
and also toward more fundamental aspects of combustion which 
the authors believe need to be more generally understood before 
the mechanism necessary for combustion, particularly at 
speeds, can be perfected. 

The program of work included an examination of fuel con- 
sumption, fuel-system leakage, the combustion process from the 
point of injection through the delay period to the beginning of 
expansion, combustion shock, ease of starting, and the effects 
of dopes, nozzle alterations and changes in speed in relation to 
combustion and shock. 

Fourteen different fuels were examined and full particulars of 
their chemical and physical characteristics are given in a table. 

Although the authors point out that, while many of the results 
obtained are to be regarded only as approximations, the broad 
indications are sufficiently clear to justify their publication. 


high 


(Continued on next left-hand page) 
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Recent Developments in Corrosion Prevention of Ferrous Metals. By 
V. V. Kendall and F. N. Speller. Published in Industrial and 
Engineering Chemistry, July, 1931, p. 735. {G-1] 
This is a review of the principal developments in corrosion inves- 

tigations during the last year or two. Although considerable 
progress has been made in combating this waste of material, 
much remains to be done, hence the accomplishments and the 
work that it seems should be undertaken next have been in- 
cluded. The paper covers the more important activities, par- 
ticularly in the oil industry. 


Metal Statistics, 1931. Published by American Metal Market, New 
York City; 24th edition, 1931; 552 pp. Price, $2.00. [G-3] 
This edition contains the same general assortment of 

tical information concerning ferrous and non-ferrous 


statis- 
metals that 
new tables 
also been in- 


has been supplied in previous years, and various 
have been introduced. The economic data have 
creased. 


Transactions of the American Institute of Mining and Metallurgical 
Engineers, Petroleum Division, 1931. Published by the Institute of 
Mining and Metallurgical Engineers, New York City, 1931; 657 
pp. Price, $5.00. [G-5] 
This volume contains 65 papers covering much of the newer 

technical information on unit operation, petroleum engineering, 

research engineering, economics, and world production. These 
papers were presented at the two fall meetings of the Petroleum 

Division, A.I.M.E., held in Tulsa, Oct. 2 and 3 and Los Angeles, 

Oct. 17, 1930, and the annual meeting in New York City 

February, 1931. 


in 


Chromium-Plating Technique. By Robert D. Zimmerman, Published 
in Metal Progress, June, 1931, p. 54. [G-5] 
As the title indicates, the author discusses the technique of 

chromium-plating as done by the Ingersoll-Rand Co. In conclu- 

sion the author states that, by using chromium on a _ wide 
variety of shop repair jobs, a considerable fund of information is 
being built up which includes data upon the behavior of the 
plate in many types of service. From data collected so far it 
appears that chromium-plating is a process which must be very 
carefully handled, but for which there is a wide application 
parts which must resist abrasion. 

This use of chromium in resisting abrasive wear 


on 


is considered 
in more detail by the same author in an article which appears 
in two parts in The Iron Age, June 4 and June 18 issues, pp. 
1829 and 1982. 


The Influence of Chemical Composition and Heat-Treatment of Steel 
Forgings on Machinability with Shallow Lathe Cuts. By T. G 
Digges. Published in the Bureau of Standards Journal of Re- 
search, June, 1931, p. 977. [G-5] 


The tests described in this report were made primarily as a 
study of high-speed-steel-tool performance with shallow cuts as 
affected by variations in the chemical composition and heat-treat 
ment of the steels cut. The study also included consideration 
of the surface finish of the various steel forgings, the microstruc- 
tures of the metals cut and the tool performance as affected by 
additions of from 3.5 to 11.7 per cent of cobalt to the 
cent-tungsten type of high-speed steel. 


18-per- 


MISCELLANEOUS 


A Multiple Manometer and Piston Gages for Precision Measurements. 
By C. H. Meyers and R. S. Jessup. Published in the Bureau 
of Standards Journal of Research, June, 1931, p. 1061 [H-1] 
The paper describes a 15-atmosphere differential mercury ma- 

nometer and a group of piston gages constructed and 


maintained 
at the National Bureau of Standards in connection with the de- 
termination of the thermodynamic properties of substances. 

The differential mercury manometer consists of five U-tubes 
connected in series Oil, aleohol, and water have been used at 
different times to transmit the pressure from one U-tube to 
the next, water being the most satisfactory. The 


temperature ol 
the manometer is measured with 


a mercury-in-glass thermometer, 
the bulb of which has the same length as the U-tubes. The 
manometer was found to be accurate within 1 part in 10,000. 
Each piston gage consists of a hardened steel piston and cylinder 
mounted vertically in a cast-iron base in such a manner that the 


(Continued on second left-hand page) 
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PRODUCT is no better than the springs on which its operation 

depends. Failure at a critical moment is sure to mean cus- 
tomer dissatisfaction—expensive service—and loss of future 
sales. Therefore—the careful selection of a source of supply 
is of the utmost importance. Realizing this most manufacturers 
have standardized on American Steel & Wire Company Quality 
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Next best of the high grade paraffin 
base oils of comparable viscosity on 
the market today, in recent tests showed 
by Conradson test, more than five times 
as much carbon residue as that formed 
from Gulfpride Oil. 


Actual figures for 100% paraffin base 
oils of 120 viscosity S. U. V. at 210° F. 
are: — Gulfpride, average 0.2%; three 
best out of all other samples tested, 
average 1.25%. 


We welcome strict tests of Gulfpride 
for any type of service and shall be glad 
to cooperate with any information or 
data. 
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piston and its load may be rotated continuously. The design is 
such as to permit applying the weights above the piston and yet 
to avoid eccentric loading. 

The procedure for calculating pressures from observations with 
these instruments is described, and the corrections to be applied 
are discussed. 


Die Berliner Automobil-Ausstellung im Spiegel der Technischen Statistik. 
$y Otto Schirz. Published in Automobiltechuische Zeitschrift, 
June 30, p. 425, July 10, 1931, p. 449. {H-1} 
An exhaustive statistical survey of the design and construc- 

tional features of German passenger-cars, motorcoaches and 

motor-trucks is made in this article on the technical aspects of 
the German automobile show. A comparison is made with cur 
rent American practice for each feature discussed. 

Notable technical progress is claimed for German automotive 
products; since, even though production has been slackened in 
deference to the general economic depression, research depart 
ments have been maintained. A few general developments listed 
are: The introduction of an even lighter light car the improve 
ment, simplification and cheaper production of the utility car; the 
assignment of the eight-cylinder car to the utility class; the 
increasing popularity of the convertible sedan as compared with 
the limousine; the development of a satisfactory front-wheel drive 
for small vehicles; and the retirement into practical oblivion of 
the word luxury as applied to automobiles. 

Among the features on which statistical figures and charts are 
given are: The number of model types, the American figure being 
shown to be twice that of the German for almost every class 
weight, brake-horsepower, reduction ratios in transmissions and 
final drives, tread and wheelbase, ignition, braking systems, of 
which a far greater percentage are air and hydraulic on German 
cars than on American; price, in which little distinction is said 
to exist between German and American products sold in Ger- 
many; maximum speed, and chassis lubrication 


Die Elektrische Ausriistung des Kraftfahrzeuges; Teil III, Stromver- 
braucher. By Dr. Friedrich Trautman Published by M 
Krayn, Berlin, Germany; 334 pp., 314 figs. [H-1] 
The various apparatus on an automobile that draw their cur 

rent from the low-tension circuit are treated in this third part otf 

this work on Automotive Electric Equipment. The first volume 
dealt with ignition and the second with generators and batteries 

At attempt is made in the present volume to treat comprehen 

sively and in detail all the items included in the steadily growing 

field of auxiliary electric devices, the less important, such as 
windshield wipers, which are seldom discussed technically, being 
included as well as the more conspicuous devices. 

Under the heading of lighting equipment, the author outlines 
the development of head-lamps, laws affecting them, their me- 
chanical and optical requirements and test methods. Each part 
of the headlighting unit is then discussed separately, as are also 
methods of installation and dimming, spotlights and motorboat 
lights. Other lighting units such as tail-lights and dome lights 
are briefly discussed. 

Starters are considered under the headings of performance 
requirements and the effect on these requirements of speed and 
torque, the principles and construction of starting motors, the 
driving-gear mechanism, starting switches, and general construc- 
tion and maintenance. 

Legal and acoustic requirements of horns, their construction, 
installation and switches are next set forth. Other devices the 
technical aspects of which are covered are direction and stopping 
indicators, windshield wipers, electric brakes, fuel-pumps, fuel- 
gages, cigar lighters, wiring, cut-outs and switches 


Onward Industry! By James D. Mooney and Alan C. Reiley. Pub- 
lished by Harper Brothers, New York City, 1931; 545 pp., with 
index. Price, $6. [H-3] 
Although some of the early chapters are academic and filled 

with questionable deductions, this book as a whole is well worth 

reading by engineers interested in the principles of organization 
and their significance to modern industry. Defining and tracing 
the progress of human organizations, the text contains an inter- 
esting review of industrial history and the evolution of modern 
forms of government. It includes also a discussion of the secular 
organization of the Catholic Church, the Protestant Church, and 
the character and functions of military organization. 

Objectives of industry and the forming forces of modern in- 
dustry, such as commerce, capital, and banking, are also his- 
torically set forth. In the latter chapters, in which the new 


(Concluded on next left-hand page) 
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unreliable speedometer doesn't satisfy. : 


Think what North East Speedometers offer » » 
mileage records thoroughly accurate; quietness; 
long life without attention; continued depend- 
ability regardless of age or neglect; handsome 
housings to enhance the appearance of any dash. 
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him thoroughly. Let your Speedometer be 
North East. 
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The Continental W-10 four cylinder utility automotive engine 
the modern 
portation field. In light, fast truck 
cannot be equalled for economic operation. 


The Continental W-10 engine delivers up to 50 h.p. 
inum alloy pistons are standard equipment with nickel iron 
four ring type optional. A _ crankshaft 
adequately meets overloading and 
nental engines are protected with gear-driven pressure feed 
lubrication systems. Continental's 
reserve of strength and power in every part and a ruggedness 
that means extra long life. The manufacturer or operator 
whe insists on Continental engines 
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industrial day in America and abroad is discussed, the authors’ 
best contribution to industrial literature is made. Both the Amer- 
ican and European situations are clearly presented and some 
solutions of the problems suggested. 


Proceedings of the World Engineering Congress, Tokyo, 1929. Edited 
and published by World Engineering Congress, distributed by 
Kogakkai, Marunouchi, Tokyo, 1931. [H-3] 
We are in receipt of two volumes of the Proceedings of the 

World Engineering Congress: One, a volume containing 248 pp. 

of general information and reports on the Congress, the other, 

Vol. 28, containing the 197-pp. division of automotive engineer- 

ing. The latter volume includes the following papers, some of 

which appeared in the S. A. E. JourNAaL or have been reviewed 
in this column in previous issues: 

Factors Governing the Use and Construction of Motor Trucks. 
By B. B. Bachman, United States. 

The Pneumatic Tyre in Heavy Transport. By W. Bond and 
A. Healey, England. 

The British Light Car. By A. H. Wilde, England. 

The Motor Cycle Industry of Great Britain. By H. R. Watling, 
England. 

Experimental Research on the Utilization of Alcohol and Char- 
coal Producer Gas for Ordinary Gasoline Automobile Engines. 
By Kichihei Miki, Japan. 

Some Points of Interest in Connection with the American Motor- 
coach Industry. By G. A. Green, United States. 

Design of American Passenger Automobiles (particularly as 
related to domestic and foreign markets). By Austin M. Wolf, 
United States. 

Performance and Its Test of an Automobile. By Kazuo Kumabe, 
Japan. 


The Use of Handbook Tables and Formulas. By John M. Amiss and 
Franklin D. Jones. Published by The Industrial Press, New 
York City, 1931; 210 pp. Price, $1. [H-3] 
The indispensability of engineering handbooks is well recog- 

nized; but, to obtain the full value of any handbook, the user 

must know enough about the contents to apply the tables, for- 
mulas and other data to the greatest advantage. 

One purpose of this book, which is based upon Machinery’s 
Handbook, is to show by examples, solutions and test questions, 
typical applications of handbook matter in both drafting room 
and machine shop. Another function is to familiarize engineer- 
ing students or other handbook users with the contents. A third 
is to provide test questions and drill work that will enable the 
handbook user, through practice, to obtain the required informa- 
tion quickly 


MOTOR-TRUCK 


The Rigid-Frame Six-Wheeler. By R. Dean-Averns Published in 
The Automobile Engineer, July, 1931, p. 251 [K-1] 





The author endeavors to cover briefly the chief characteristics 
and problems encountered in the design of rigid-frame six-wheel- 
ers. Recent legislation in Great Britain with regard to road 
construction and the regulation of heavy vehicles has given an 
impetus to the adoption of this type of vehicle. 


PASSENGER-CAR 


Electrical Maintenance. By J. A. Roenigk. Published by the 
McGraw-Hill Book Co., Inc., New York City and London, 1931: 
107 pp., illustrated. Price, $1.25. [L-2] 











This is another unit in the maintenance series of instruction 
manuals for automobile mechanics and its purpose is to present 
a general guide to the correct methods and procedures in the 
maintenance and repair of starting, lighting and ignition equip- 
ment. 

Related information in trade theory and science is included to 
enable the student to understand the principles of operation and 
proper functioning of automotive electric equipment 


Service Man’s Guide to Automotive Lubrication. By John R. Rathbun. 
Published by the Chek-Chart Corp., Chicago, 1931; 128 pp., 
117 figs. Price, $2. {L-2] 
The author of this book is a well-known writer in the petroleum 

industry and technical editor of Petrolewm Age. The Chek-Chart 

Corp. is known for its loose-leaf lubrication guide. 

The subject of lubrication of both engine and chassis is treated 
from the standpoint of the lubrication-station manager or opera- 
tor describing the different lubrication systems and the types of 
lubricants required. It is profusely illustrated with diagrams and 
written in easily understandable terms. 





ee 
— 














r 





r 


October, 1931 


Experience Prove 
Meehanite Dies 
and Cost Less 


HE superior abrasion resistance of Mee- 

hanite, its uniformly greater strength and 
toughness and its ability to take a high polish, 
give it outstanding importance as a metal for 
forming and drawing dies. 


A report from a stamping plant which replaced 
steel dies with Meehanite for the fabrication of 
refrigerator doors of 18 to 20 gauge metal, 
states: 


“Meehanite has the desirable qualities of 
both steel and gray iron. It is almost as 
easily worked as the latter, but takes a 
much better polish. It does not tear the 
steel sheet in drawing as a steel die does.” 


“Meehanite dies give us the same pro- 
duction volume as steel dies at only 56% 
of the cost of the latter and the quality of 
our finished product is superior.” 


Another plant, making automobile frames, after 
running 30,000 stampings of 14” steel, reports 
their Meehanite dies in better condition than 
when they left the machine shop because of a 
higher polish and good for at least 100,000 
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Meehanite Patents: U. S. Patent Nos.: 1,449,068 » 1,683,087 » 1,683,086 » 1,731,346. Canadian Patent Nos.: 234,933 » 287,903 » 304,254. Other patents pending. 


MEEHANITE 
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more stampings. In commenting on these dies 
they state “Previously we were obliged to use 
alloy steel inserts in our semi-steel, cast steel or 
gray iron dies. A great saving is accomplished 
by Meehanite in eliminating these inserts. We 
have found no other metal which possesses the 
non-loading qualities of Meehanite together 
with its high tensile strength and its high resis- 
tance to abrasion and scoring.” 


Get the suggestions of the Institute member 
nearest you on reducing your die costs. 
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TO YOUR PARTICULAR TASK 


- If alloy steel is to render the the 


processes of manufacture 
have specialized in handling 
every operation in such a way 


utmost performance under any 
given set of conditions, the par- 
ticular requirements of the in- as to contribute to the ability 
tended service must be kept in of the steel to perform  satis- 
view at every stage of manufac- factorily the task for which it 
ture. is intended. 

This condition obtains to a 
very high degree in the Bethle- 
hem Alloy Steel Plant. The men 


responsible for the control of 


BETHLEHEM STEEL COMPANY 
General Offices: Bethlehem, Pa. 
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Joseph M. Buswell, a former student at the Massachu- 
setts Institute of Technology, is now employed as drafts- 
man by the Curtiss Aeroplane & Motor Co., Inc., of Buf- 
falo. 


John A. Cervenka has resigned his position as superin- 
tendent of vehicles and equipment of The Fair, in Chicago. 
He has not announced his plans for the future. 


A. D. Chandler is now engaged as a salesman on stand- 


| ard equipment for the Aluminum Industries, Inc., of Cin- 


| cinnati. 


His previous post was in the industrial sales de- 
partment of the Continental Motors Corp. 


David J. Conant, formerly mechanical engineer ‘connected 
with the Westinghouse Electric & Mfg. Co., of East Pitts- 
burgh, Pa., is now connected with the Layne-Central Co., 
constructors of water systems and pump equipment in 
Memphis, Tenn. 

Robert N. Dobbins has resigned the position of inspector 
and mechanic with the American Airways, Inc., of Newark, 
N. J., to take charge of the new aviation department in the 
Essex County Boys Vocational School in Bloomfield, N. J. 

Philip Bonely is now employed by the National Advisory 


| Committee for Aeronautics, at Langley Field, Va. He is a 
| former Massachusetts Institute of Technology student. 


| Centipete Motors, 


G. Edenquist recently entered the employment of the 
Ltd., of Los Angeles, as designer. Pre- 


| viously he was employed in the same capacity by the Kin- 


| command of the 


| director of Motol, Inc., of New York City. 





ner Airplane & Motor Corp., of Glendale, Calif. 


H. J. Edwards, who has been connected until recently 
with the Willys-Overland Co., of Toledo, Ohio, has formed 
a connection with the Wilson Foundry & Machine Co., of 


| Pontiac, Mich., but is still located in Toledo. 


Following the granting of a three months’ leave of ab- 
sence to Major-Gen. James E. Fechet, who is to retire from 
active service on Dec. 20, Major-Gen. Benjamin D. Foulois, 
assistant chief of the Army Air Corps, assumed virtual 
Air Corps for the next four vears. In 
July the War Department announced the promotion of 


| Brigadier-General Foulois to the rank of Major-General. 


Jack E. Foster, former chief engineer of the Cross-Foster 
Aircraft Co., of Kansas City, Mo., is now chief engineer 
and a partner in the Foster Aircraft Co., of Alliance, Ohio. 

C. K. Francis recently assumed the duties of technical 
editor of the Oil and Gas Journal, of Tulsa, Okla. He pre- 
viously was petroleum technologist for the Skelly Oil Co. 


Talbot O. Freeman recently became a vice-president and 
He was formerly 
a director and member of the executive committee of Air 
Investors, Inc., of the same city. 


Gerald C. Frank, former superintendent of maintenance 
for the Ward-Way Transportation Co., of Muskogee, Okla., 
is now a member of the experimental engineering depart- 
ment of the White Motor Co., of Cleveland. 


Ralph R. Graichen, formerly connected with the B/J Air- 
craft Corp., of Baltimore, is now vice-president and chief 
engineer of the Jones Aviacraft Corp., of the City of Wash- 
ington. 

C. E. Guignon, who was a student at the Carnegie Insti- 


tute of Technology in Pittsburgh, is now a student engineer 
with the A. C. Spark Plug Co., of Flint, Mich. 


Having severed his connection with the General Electric 
Co. in Chicago as electrical engineer in the transportation 
engineering department, Robert D. Harrison is now engaged 
in business for himself in Houston, Texas. His specialty 
is electrical engineering and investment appraisals. 

Frederick W. Hazen, previously vice-president in charge 
of production of the Whittlesey Mfg. Co., of Bridgeport, 
Conn., is now general superintendent of the Providence Dry 
Dock & Marine Railway Co., of East Providence, R. I. 

Miller Reese Hutchison, Jr., who was formerly an engi- 
neer with the Packard Motor Car Co., in Detroit, has assumed 
the duties of chief engineer of the Hutchison Laboratory, 
of New York City. 


Frederick Knack is now chief engineer of the Monocoupe 
Corp., at Lambert Field, Robertson, Mo. Formerly he was 
chief engineer of the Mono-Aircraft Corp., of Moline, III. 

O. C. Kreis is now serving the Studebaker Corp., of 
South Bend, Ind., in the capacity of consulting engineer. 

(Concluded on next left-hand page) 
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WHY BORROW FROM HIM? 





THE ink is just dry on the eighth edition of New Departure’s price and data book 
. . . Containing important revisions and additions to previous listing of types, 
capacities, dimensions and mounting details of New Departure Ball Bearings. Every 
engineer, designer, and purchasing man should have one. Why borrow, when 
your copy is ready to “take off” to you. Ask for data book “S”. The New Depar- 


1789 ture Mfg. Company, Bristol, Connecticut; Detroit, Chicago and San Francisco. 


NEW DEPARTURE BALL BEARINGS 
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UTMOST SIMPLICITY 

There are only four 
parts within the socket of 
the Thompson Eccentric 
Tie Rod. 
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Personal Notes of the Members 


Concluded 





He was formerly chief research engineer of the Continental 
Motors Corp., of Detroit. 


Snowden E. Lea is now in charge of Autogiro service of 
Pitcairn Aircraft, Inc., at Willow Grove, Pa. Prior to 
forming this connection he was foreman of the Keystone 
Aircraft Corp., of Bristol, Pa. 


Walter A. Mayes, formerly chief engineer of the Mar- 
tin-Parry Corp., of York, Pa., has accepted the position of 
chief engineer of the Chevrolet Commercial Body Division, 
in Indianapolis. 

Steven J. Menzel recently assumed the duties of stamping 
engineer with the Graham-Paige Motors Corp., of Detroit, 
after relinquishing his former position of sales manager of 
the stamping division of the Briggs Mfg. Co. of the same 
city. 

J. W. Mills has left his position as engineer in charge of 
the experimental work at Humber, Ltd., Coventry, England, 
and has taken up the duties of general manager for Coven- 
try Climax Engines, Ltd., also of Coventry. 


A. W. Mooney, who was mechanical engineer for the 
Nicholas Beazley Airplane Co., Inc., of Marshall, Mo., is 
now doing independent consulting engineering work in Den- 
ver, Colo. 

Ralph H. Nesmith, who was formerly connected with the 
engineering department of the United States Rubber Co., 
of Detroit, is now engaged in sales engineering work in 
Detroit on mechanical specialties and power-transmission 
equipment for industrial applications. 

Ben C. Parsons, who was until recently vice-president 
and chief engineer of the Hurricane Aviation Corp., of 
Houston, Texas, is now located in Detroit with the Hurri- 
eane Aircraft Division of the Scripps Motor Co. as chief 
engineer. 

Frederick L. Rose has severed his connection with Abra- 
ham & Straus, of Brooklyn, N. Y., for which he was super- 
intendent of automotive maintenance and operation, and 
has not announced his intentions for the future. 


Jay M. Roth, who was a former student at the Ohio State 
University, recently accepted the post of test engineer with 
the United States Air Corps at Wright Field, Dayton, Ohio. 


C. E. Sargent, formerly consulting engineer for the Na- 
tional) Transit Pump & Machinery Co., of Oil City, Pa., is 
now acting as independent research and consulting engineer 
in Indianapolis. 


Otto R. Schoenrock, Chairman of the Chicago Section of 
the Society and until recently director of engineering of 
the Oliver Farm Equipment Co., of Chicago, is now engaged 
in consulting engineering work and automotive and tractor 
designing under the name of the O: R. S. Engineering Co., 
in Chicago. 


Theodore Paul Thomas has accepted a position as service 
salesman with Brown Motors, Inc., of Salt Lake City, Utah. 
He was formerly connected with the Wasatch Gas Co., of 
the same city. 


H. G. Vorhauer is now in charge of the ground school of 
the Ryan Aeronautical Corp., of San Diego, Calif., having 
recently relinquished the post of engineer in charge of the 
ground school for the Pacific Technical University, of San 
Diego. 


Hiram Walker was recently appointed chief engineer of 
the American Austin Car Co., of Butler, Pa. He previously 
served the General Motors Corp., of Detroit, as engineer. 


James Wills is now connected as design engineer with 
Norman Bel Geddes, of New York City, and is engaged in 
designing gas ranges. His former connection was that of 
design engineer in the laboratory of the Trans-Lux Day- 
light Picture Screen Corp., of Brooklyn, N. Y. 


Raymond C. Wilson recently transferred his services 
from the Chain Saw Corp., of Long Island City, N. Y., for 
which he was chief engineer, to the International Motor 
Co., of Allentown, Pa., with which he is doing designing 
work. 

Frank G. Woollard has resigned his position of director 
and general manager of Morris Motors, Ltd., of Coventry, 
England, and has not announced his immediate plans. 
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